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PYRUVATE OXIDATION AND THE CITRIC ACID CYCLE! 


E. A. EVANS, JR. 
From the Department of Biochemistry, The University of Chicago 


Submitted for publication June 9, 1941 


Knowledge of the mechanisms by which pyruvic acid is oxidized 
in living cells is fundamental to an understanding of a great variety 
of metabolic reactions. This simple keto acid is apparently not only 
an intermediate in the metabolism of carbohydrate, but of protein 
and also possibly fat. It is converted into acetoacetic acid in the 
liver, participates in the transaminating reactions occurring in many 
tissues, and is intimately concerned, as we have known for a long time, 
with the cellular functions of vitamin B,. 

A critical survey of the numerous reactions which are known to 
occur when pyruvic acid is metabolized by various types of living cells 
would embrace the whole field of metabolic investigation. The present 


discussion is concerned only with a few of the more recent investiga- 
tions of the metabolism of pyruvic acid. Since the mechanisms in- 
volved in the general reaction, 


pyruvic acid + 230, —— 3CO, + 2 HO, 


vary not only from one cell type to another, but also in relation to the 
particular experimental environment of the system under examination 
(1), our conclusions are expressed in terms of sharply defined experi- 
mental conditions and of a single tissue. The extension of these re- 
sults to im vivo conditions is naturally a matter of great interest and 
importance. It can be done, however, only after the first objective 
has been attained, i.e., a precise description of the chemical reactions 
occurring in a particular experimental system. 


1 Presented April 18, 1941, at the Symposium on Carbohydrate Metabolism 
at the Chicago meeting of the American Society of Biological Chemists. The 
original work was aided in part by grants from the John and Mary R. Markle 
Foundation and from the Dr. Wallace C. and Clara A. Abbott Memorial Fund of 
the University of Chicago. 
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In the case of a suspension of minced pigeon breast-muscle in buf- 
fered saline at a pH of about 7.4, the whole of the experimental data 
concerning the oxidation of pyruvic acid has been generalized by 
Krebs and his coworkers into a scheme involving a cyclic chain of 
chemical transformations (2, 3,4,5). This scheme, the so-called citric 
acid cycle, represents a current summary of the pertinent data con- 
cerning pyruvate oxidation in muscle, and should be regarded as the 
basis for further experiment, rather than a proved analysis. 

Consideration of the experimental evidence for this formulation be- 
gins with the so-called catalytic action of the dicarboxylic acids. When 
small quantities of fumaric, succinic, malic (6, 7, 8), a-ketoglutaric, 
and citric acids (2) are added to suspensions of muscle, there is an 
increase in the oxygen consumption of the tissue which is much greater 
than can be accounted for by the complete oxidation of the added 
compound. 

If we add one of these dicarboxylic acids while the tissue is oxidizing 
pyruvic acid and measure the amount of pyruvate disappearing, we 
find that this increased oxygen consumption is associated with an in- 
creased utilization of pyruvic acid and that the amount of added di- 
carboxylic acid does not appreciably change. In other words, the 
dicarboxylic acid is promoting or catalyzing the oxidative reactions 
responsible for the respiration of the surviving tissue. It does this, 
we believe, by participating as a reactant in the series of chemical 
reactions constituting the respiration of the tissue. The concentration 
of the catalytic agent remains practically constant since there is a 
balance between the continuous synthesis of the catalyst and its rapid 
utilization and removal. For example, the rapid oxidation of citric 
acid to a-ketoglutaric acid by muscle can be quantitatively demon- 
strated in experiments in which one adds sodium arsenite to the tissue, 
this being a reagent which poisons those enzymes responsible for the 
further oxidation of a-ketoglutaric acid (2). Or, if we poison the 
tissue with malonic acid, a substance which inhibits the succinic de- 
hydrogenase, i.¢e., the enzyme which oxidizes succinic to fumaric acid, 
then we can demonstrate the quantitative and rapid conversion of 
added a-ketoglutaric acid to succinic acid (3). The subsequent oxida- 
tion of succinic acid to fumaric acid, the enzymic hydration of fumaric 
acid to malic acid, and the oxidation of the latter to oxaloacetic acid 
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are reactions known to occur in muscle tissue at rates and to an extent 
consonant with their being principal metabolic pathways. We can, 
therefore, write the following chain indicating the reactions undergone 
by citric acid in muscle: 


Citrate —— a-ketoglutarate —— succinate —> 
fumarate ——> malate —— oxaloacetate. 


The substances intermediate in this breakdown of citric acid, it will 
be noted, are the dicarboxylic catalysts mentioned before. 

To make the story complete, it is necessary to demonstrate that 
the muscle is capable of the rapid synthesis of citric acid as well as 
of its destruction. A formation of citrate at the required rate can be 
demonstrated by adding oxaloacetic acid to muscle tissue in the ab- 
sence of air to prevent the further oxidation of the citrate formed (2). 
This synthetic reaction requires, obviously, two additional carbon 
atoms. Originally, Krebs and Eggleston suggested that the source 
of these carbon atoms was an unspecified triose intermediate in carbo- 
hydrate metabolism. Subsequently, the identity of this triose with 
pyruvic acid was assumed. Although this assumption is probable 
and generally accepted, unequivocal proof that pyruvate is the source 
of these extra carbon atoms is still lacking. There is no question, 
however, that a rapid synthesis of citrate can be demonstrated under 
these conditions. 

These reactions constitute the qualitative framework for the citric 
acid cycle. When the oxidation of carbohydrate in muscle reaches 
the stage of pyruvic acid, this combines with a small quantity of pre- 
formed oxaloacetic acid in the tissue and forms citric acid. The citrate 
is oxidized to a-ketoglutarate, a-ketoglutarate to succinate, this to 
fumarate, malate, and oxaloacetate, which condenses with another 
molecule of pyruvate. That is, a cyclic series of reactions occur 
whereby pyruvate is consumed and corresponding quantities of carbon 
dioxide and water are formed (fig. 1). The catalytic effect of the di- 
carboxylic acids becomes understandable, therefore, and it is clear 
that the experimental demonstration of the catalytic effect will de- 
pend: 1) upon the concentration of oxidizable substrate available (i.e., 
pyruvate in the experiments under discussion); 2) the amount of di- 








228 E. A. EVANS, JR. 


carboxylic acids and other necessary compounds already present ir. 
the tissue, 7.¢., the “‘state’’ of the tissue; and 3) the quantity of acids 
added. It is evident that an occasional failure to obtain the catalytic 
effect with a particular suspension of tissue cannot be regarded as 
invalidating this conception of the role of the dicarboxylic acids. 
These facts are a demonstration of the existence of the necessary 
enzyme systems in pigeon breast-muscle for carrying out the reactions 
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indicated in figure 1. Evidence as to the extent to which these reac- 
tions account quantitatively for the total respiration of muscle when 
pyruvate is being oxidized must be considered next. 


The most important experimental data concerned are summarized 
in the following equations. 


1] In the presence of malonate: 


Fumarate + pyruvate + 20. —— succinate + 3CO: + H,O 
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2] In the absence of malonate: 
Succinate + 40, —— fumarate + H;O 
3] (1 + 2) Pyruvate + 230, ——> 3CO, + 2H,O 


When pyruvate is added to a suspension of pigeon breast-muscle, 
although the oxygen consumption increases only slightly, measure- 
ment of oxygen and pyruvate used and CO, produced indicates that 
the whole of the oxygen uptake of the tissue is utilized in the series 
of reactions comprising pyruvate oxidation. For each molecule of 
pyruvate disappearing, 2.5 mols of oxygen are used up and 3 mols of 
CO, are formed in quantitative agreement with equation 3 (3). 

If we now add malonic acid to the system, both the oxygen con- 
sumption and the pyruvate utilization are almost completely in- 
hibited—in the presence of 0.025 M malonate to more than 90 per 
cent. It is possible that the inhibiting effect of the malonate under 
these experimental conditions may not be entirely confined to the 
succinic dehydrogenase (9). However, this is certainly the principal 
effect and the assumption that the cessation of respiration is due to 
the blocking of succinate oxidation seems completely justified. 

If we add fumaric as well as pyruvic acid to this malonate-poisoned 
tissue we find that oxygen is now taken up and the fumarate and 
pyruvate are both metabolized. We find for every mol of added 
fumarate, one mol of pyruvate and 2 mols of oxygen are consumed with 
the formation of 3 mols of carbon dioxide and 1 mol of succinate, 
i.e., the stoichiometric relationships of equation 1 can be demonstrated 
by analysis for each of the substances concerned (3). This is exactly 
in accordance with the theory. It must be emphasized that this ex- 
periment is crucial in any explanation of pyruvate metabolism and 
of fumarate function since it demonstrates the existence of an oxida- 
tive route whereby succinate is formed from fumaric acid. 

It remains to be shown then that oxaloacetate, citrate, and a-keto- 
glutarate, are intermediates in this process, i.e., that the other reac- 
tions of the citric acid cycle are involved. Unequivocal quantitative 
data on this point are still lacking. If the scheme is correct, the in- 
termediate stages between fumarate and pyruvate on one side and 
succinate on the other should all form succinate in the presence of 
malonate. Further, the yields of succinate must be no less and the 
rates of succinate formation no lower when these intermediates are 
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added than those found in the presence of pyruvate and fumarate. 
Krebs and Eggleston have published experiments (3) in which they 
find that the rates of oxygen consumption and the yields of succinate 
on adding the various intermediates listed in the scheme to the 
malonate-poisoned tissue are approximately of the expected order. 
The possibility remains of additional substances acting as interme- 
diates, but the examination of a large number of compounds resulted 
in the tested substances not being oxidized or failing to yield succinate 
in the presence of malonate. 

Baumann and Stare (10) have concluded from the inability of cit- 
rate to restore the original rate of respiration to malonate-poisoned 
tissue, that an intact citric acid cycle is not essential for the respira- 
tion of muscle. This conclusion is, however, open to criticism. The 
effects these workers describe were obtained in the absence of added 
substrate, i.e., pyruvate. Assuming, however, that the carbohydrate 
substrate being oxidized was triose, the citric acid cycle of Krebs 
postulates that the oxidation of one mol of triose requires the with- 
drawal of six pairs of hydrogen atoms, and it follows that the total 
oxygen uptake of the muscle (respiring on triose in the absence of any 
added substrate) is a sum of the oxygen required for the conversion 
of: 1) triose to pyruvate; 2) pyruvate and oxaloacetate to citrate; 
3) citrate to a-ketoglutarate; 4) a-ketoglutarate to succinate; 5) suc- 
cinate to fumarate; and 6) malate to oxaloacetate. Since the total 
O, uptake is the sum of these six stages it follows that the rate of any 
individual step cannot be less than one-sixth of the total Qo,. If the 
rates of the various individual reactions are to be examined from the 
standpoint of their possible participation in the respiration of the 
tissue, then it becomes an indispensable criterion of such participation 
that the rate of any single step shall not be less than one-sixth the 
rate of respiration of the tissue. When citrate, therefore, is added 


2A demonstration of this proposition in general terms is as follows. If the 
oxygen uptake of m grams of tissue can be analyzed into a cycle of m consecutive 
reactions of the form: 
1) A+OQ,—>B 
2) B+O2.-——C 
3) C+Q,—D 


n) N +0; —>A 
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to malonate-poisoned muscle of which the normal Qo, is usually about 
20 (11) the citric acid cycle requires that the rate of oxygen uptake 





Then under conditions of a steady state: 
dA/dt = O = dB/dt = dC/dt, etc. 
and R,A = R,B = RC = R,N 


d (O,) 
a 


also = R,A 


d (Os) _ 
a 


d (Oy) _ 
dt 


R,B 
R,N 


O,, Og, Oy represent the total quantity of O2 consumed for reactions 
1, 2, 3, etc. 
Where: <4 A, B,C = concentration of substances A, B, C, etc. 
R,, Rpg, etc. = number of mols of Og consumed per unit time per mol of 
A, B, etc. at the steady state. 


Then: woe = R,A + RgB + RoC +--+ RyN 
ree = (R,A) = n(RzB), etc. 
And: R,A = rate of oxygen uptake per m grams of tissue per unit time for any 
d(Oz Total) 
step = 1/n- ————_ 


dt 


Under conditions of a steady state, these equations require that each step of the 
cycle consumes an equal quantity of oxygen although the rate of oxygen uptake 
per mol of intermediate may vary. If we are to isolate and examine individual 
reactions from the standpoint of their possible participation in a postulated cycle 
of the type outlined, it follows that the rate of oxygen uptake for the individual 
step cannot be less than 1/m of the total oxygen uptake. A comparison of this 
sort requires, first, that the concentration of erzyme systems and reactants partici- 
pating in the isolated step should be the same as that present in the original 
experimental system, and second, that the possible inhibiting effect of reaction 
products accumulating under the conditions of the isolated experiment should be 
eliminated as the cause of the rate being below the minimum level. On the other 
hand, if the isolated reaction proceeds with a velocity greater than 1/n of the total 
oxygen consumption, the reaction can still be considered a possible intermediate 
since in the intact and total system the concentration of enzyme systems necessary 
for the individual reactions may be greater than the available substrate. Under 
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for this particular reaction (involving two oxidative steps, the oxida- 
tion of citrate to a-ketoglutarate and of a-ketoglutarate to succinic 
acid) shall not be less than 7, or 6.6. Under the experimental con- 
ditions of Baumann and Stare the total Qo, of the tissue is about 8.1 
and the Qo, for citrate in malonate-poisoned muscle is about 3.6, 7.e., 
greater than *’. Rather than demonstrating a non-participation of 
citrate in the respiratory cycle of muscle, this indicates that the 
rapidity of citric acid removal is within the required limits. The re- 
sults of Baumann and Stare, therefore, are neither in contradiction 
of the citric acid cycle nor, for that matter, do they offer support for 
the hypothesis. 

Further evidence for the validity of the citric acid cycle is offered 
by experiments in which large quantities of pyruvate are added to 
the malonate-poisoned tissue (3). Since pyruvate is preferentially 
oxidized, an excess of pyruvate would be expected to cause an accumu- 
lation of intermediates. When fumarate with an excess of pyruvate 
is added to malonate-poisoned muscle, a-ketoglutarate accumulates 
in quantities of about 50 per cent of the theoretical and citrate in 
quantities of about 15 per cent of that theoretically required. In 
the absence of specific methods for interrupting the cycle at each of 
the intermediate steps, these incomplete yields cannot be regarded 
as the basis for any objection to the theory. 

As we have seen, the oxidation of 1 mol of pyruvate in terms of 
the scheme consists of a series of five oxidative steps. Krebs and his 
coworkers have concluded that in two of the steps—the oxidative con- 
densation of pyruvate and oxaloacetate to citrate and the oxidation 
of citrate to a-ketoglutarate—the oxaloacetate-malate system acts as 
a hydrogen carrier. This is indicated schematically in fig. 1. The 
experimental basis for this conclusion lies in the demonstration of the 
following reactions when the reagents involved are added to muscle 
tissue under anerobic conditions. 


1] 2 oxaloacetate + pyruvate —— citrate + CO: + malate 
2] oxalacetate + citrate ——> a-ketoglutarate + CO, + malate. 





such circumstances, the isolation of the system and the addition of substrate in 
excess would give a rate of oxygen uptake greater than 1/n of the total oxygen 
consumption. 
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The observed changes are of the indicated magnitude and occur at 
the necessary rates as calculated in terms of the aerobic process. How- 
ever, the demonstration that these reactions occur at the required 
rate in the presence of oxaloacetate does not necessitate oxaloacetic 
acid being the normal link between the substrate in question and 
oxygen. As Potter has pointed out in a recent review (12) the pres- 
ence of the diphosphopyridine and triphosphopyridine nucleotides, 
and of possible unknown intermediates in muscle tissue as hydrogen 
carriers common to reversibly oxidized metabolites of the kind being 
discussed here can explain anerobic reactions of the observed type. 
The conclusion is not that the oxaloacetate-malate system does not 
serve as a hydrogen carrier in the citric acid cycle, but that there is, 
as yet, no acceptable evidence of such a function. 

This represents in brief outline the pertinent facts about the utiliza- 
tion of pyruvate by pigeon breast-muscle, the tissue in which the 
most exhaustive study of these reactions has been made. Similar 
conclusions in regard to pig heart-muscle have been reached by 
Smyth (13). 

In pigeon liver, the available data indicate the necessity for modify- 
ing the scheme presented for muscle. Pyruvic acid is rapidly oxidized 
by minced pigeon liver suspended in a buffered saline medium. The 
ratio of oxygen consumed to pyruvate disappearing is about 0.6; the 
R.Q., 1.4, i.e., the oxidation of pyruvate is incomplete in contrast to 
muscle where pyruvic acid is completely oxidized to carbon dioxide 
and water. With liver suspensions, concentrations of malonic acid 
which cause a complete inhibition of pyruvate oxidation in muscle 
are without effect (14). 

There can be no question that the succinic dehydrogenase system 
is present in liver, and that the concentrations of malonate we are 
using are sufficient to poison it, so that the conclusion is inescapable 
that neither the utilization of pyruvic acid nor the uptake of oxygen 
by minced liver, require the activity of the succinic dehydrogenase. 
It is quite clear, then, that the utilization of pyruvic acid by minced 
pigeon liver, under the conditions of these experiments, is unlike the 
process that occurs in muscle. 

Two compounds which must be considered as products of the in- 
complete oxidation of pyruvic acid were found to accumulate in pi- 
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geon liver suspensions under the conditions of these experiments; 
namely, acetoacetic acid and a-ketoglutaric acid. The formation of 
acetoacetic acid from pyruvic acid in liver has been previously de- 
scribed (15, 16,17). The synthesis of a-ketoglutaric acid from pyru- 
vate by pigeon liver is a reaction which requires some further discus- 
sion. The rapidity and magnitude of the process may be discerned 
from Table I. After 40 minutes, the quantity of a-ketoglutarate 
found remains approximately constant. This may be interpreted as 
a balance between synthetic and oxidative reactions inasmuch as a- 
ketoglutaric acid is rapidly oxidized by the minced liver. The rapid 
oxidation of a-ketoglutarate prevents any estimate of the extent to 


TABLE I 
Synthesis of a-Ketoghutaric Acid in Pigeon Liver 
4 ml. 1-10 suspension of liver in Ca-free phosphate saline, pH 7.4; initial pyruvate 
concentration, 0.03 M; temp., 40°C; gas phase, O,. 




















TIME On UsED PYRUVATE USED ae aD 
min. ws 7) ub 
20 800 1560 227 
40 1590 2420 284 
80 2925 2653 287 
120 3765 2675 203 
1 mole = 22,400,000 ul. 


which a-ketoglutaric acid formation accounts for the pyruvic acid 
which has disappeared. It is possible, however, to prevent the further 
oxidation of succinate, the initial product of the oxidation of a-keto- 
glutaric acid, by adding malonic acid to inhibit the succinic dehydro- 
genase. In such circumstances the measurement of the amount of 
a-ketoglutarate + succinate formed should serve as an indication of 
the quantitative importance of a-ketoglutarate synthesis in pyruvate 
oxidation by pigeon liver (Table II). While the malonate has no 
effect on the quantities of pyruvate or oxygen consumed, increased 
amounts of both acetoacetate and a-ketoglutarate + succinate are 
formed. On the assumption that each molecule of acetoacetate, or 
of a-ketoglutarate + succinate, requires 2 molecules of pyruvate for 
its formation, the bulk of the pyruvate disappearing can be accounted 
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for in terms of these metabolites. In the experiment cited, the a- 
ketoglutarate and succinate account for about 60 per cent of the added 
pyruvate, and the acetoacetate for another 25 per cent. In view of 
the fact that the rate of pyruvate utilization by liver is not affected 
by malonate, it is probable that the two reactions (a-ketoglutarate 
and acetoacetate synthesis) which can be demonstrated as accounting 
for the bulk of pyruvate used by malonate-poisoned tissue, are of 
similar quantitative importance in the oxidation of pyruvate by liver 
in the absence of malonic acid. It follows that the observed differences 
between pyruvate utilization in muscle and in liver are due largely to 
the presence of these additional reactions in liver. While the muscle 


TABLE II 
Formation of Acetoacetic Acid and a-Ketoglutaric Acid in the Presence of Malonate 
4 ml. 1-10 liver suspension in Ca-free phosphate saline; pH 7.4; pyruvate (initial con- 
centration, 0.03 M) added from side-arm after 10 minutes, malonate added directly to 
tissue; temp., 40°C; gas phase, O02; experimental period, 30 minutes. 

















@-KETOGLU- 
ADDITION O: USED “a oe an . AND SUC- 
FOUND 
ub ub ul ul 

0.025 M malonate............ 580 _ 34 164 

0.03 M pyruvate............. 1097 1605 38 233 
0.025 M malonate, 0.03 M 

Ss oe cn ciirus Adenia 952 1640 233 518 








is incapable of forming appreciable quantities of the C, dicarboxylic 
compounds used in its metabolism, the liver is able to effect such a 
synthesis, since the a-ketoglutaric acid which accumulates under the 
particular experimental conditions here used, can be further oxidized 
to succinate, fumarate, and oxaloacetate. The general metabolic sig- 
nificance of the reaction may be that the liver serves as a source of 
the dicarboxylic acids (possibly transported in some other form) for 
those tissues incapable of their direct formation. 

The mechanism by which a-ketoglutarate is formed from pyruvate 
under the conditions of these experiments is of considerable interest. 
Krebs and Eggleston (18) find that in the presence of bicarbonate and 
CO, the rate of pyruvate utilization in liver is 37 to 94 per cent above 
that of the controls. There is also a large increase in the formation 
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of a-ketoglutarate (115 to 170 per cent), of citrate (160 to 560 per 
cent), and of fumarate + malate (125 to 400 per cent). From the 
fact that the same substances, 7.e., a-ketoglutarate, fumarate, malate, 
succinate, and citrate are formed from added pyruvate as from added 
oxaloacetate in both aerobic and anerobic conditions, and from the 
specific effect of carbon dioxide mentioned above, Krebs and Eggleston 
have concluded that the synthesis of a-ketoglutarate from pyruvate 
involves first the condensation of pyruvate with carbon dioxide to 
form oxaloacetic acid, this combining with another mol of pyruvate 
to form citrate, and this, in turn, being oxidized to a-ketoglutarate. 
A similar carboxylation of pyruvate to oxaloacetate had been pre- 
viously proposed by Wood and Werkman (19) as an intermediate re- 
action in the metabolism of the propionic acid bacteria and the occur- 
rence of the other reactions in pigeon liver has been previously dem- 
onstrated (14). 

In experiments published independently and simultaneously with 
those of Krebs and Eggleston, Slotin and I have been able to demon- 
strate the participation of carbon dioxide in a-ketoglutarate synthesis 
by the use of radioactive Cy, as a tracer substance (20). By adding 
pyruvic acid to a suspension of minced pigeon liver in a bicarbonate- 
buffered saline containing radioactive bicarbonate and isolating the 
synthesized a-ketoglutarate as the dinitrophenylhydrazone, the in- 
tense radioactivity of the compound unquestionably demonstrated 
that carbon dioxide participates in the synthetic reactions involved. 
The quantity of radioactivity appearing in the compound makes it 
improbable that we are dealing with a non-specific exchange reaction. 
Quantitative data are given in Table III. Of the original activity 
about 5 to 10 per cent can be accounted for in the synthesized a- 
ketoglutarate. Continuous dilution of the radioactive carbonate by 
metabolic carbon dioxide complicates any quantitative interpretation 
of the data in terms of a specific mechanism, but from the ratio of 
a-ketoglutarate activity per mgm. carbon to medium activity per 
mgm. carbon, and from the results of the experiments next described, 
it is probable that one carbon atom per molecule of a-ketoglutarate 
is obtained from the carbon dioxide of the medium. 

The synthesis of a-ketoglutarate by way of the reactions of the 
citric acid cycle would require that half the synthesized a-ketoglu- 
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tarate molecules would contain radioactivity in the carboxyl group 
alpha to the ketonic oxygen and the other half carry radioactive carbon 
in the omega carboxyl (fig. 2). Oxidation of the a-ketoglutarate syn- 
thesized according to this scheme should yield succinic acid with half 
the radioactivity of the a-ketoglutarate. However, when the radio- 
active a-ketoglutarate obtained from our first experiments is oxidized 
with acid permanganate at room temperature, i.e., under conditions 
which quantitatively convert a-ketoglutarate to succinate, we find 
that the succinate formed is entirely inactive and that the entire radio- 
activity can be recovered as CO;. These results cannot be reconciled 


TABLE III 
Synthesis of a-Ketoglutaric Acid in Radioactive-Bicarbonate Medium 
50 ml. Ca-free bicarbonate saline, pH 7.4, containing radioactive Cy; 1.7 cc. M/10 
malonate; 10 cc. M/5 pyruvate; malonate added directly to tissue; pyruvate added after 
10 minutes; temp., 40°C; gas phase, 5% CO2, 95% O:; experimental period, 40 min. 











RATIO: 
ExPeRIMENT) 7 XETO- —- ? ACTIVITY® seumvers wousee i" poner pa 
women | UTA, | ctotmame | ohammrmg |cworaare |“ wow. C 
PER mcm. C . TOTAL ACTIVITY ACTIVITY MEDIUM 
PER mou. C* 
mgm. Div./sec.t per cent 
1 57.8 0.007 0.0245 10.8 3.§ 
2 55.0 0.171 1.17 4.8 6.9 
3 27.5 0.362 1.13 6.1 3.1 




















* Activity of carbon dioxide released from medium by acidification. 
+ Activities in divisions per second (Lauritsen electroscope) corrected for decay so that 
the values are comparable. 


with the suggested mechanism, nor, because of its symmetrical nature, 
can citric acid be an intermediate in the process. It is possible that 
carbon dioxide can be assimilated by means of a carboxylation of 
pyruvic acid to oxaloacetic acid, but this substance is not converted 
into a-ketoglutaric acid through the reactions of the citric acid cycle. 
The available data are still insufficient to suggest an alternate mecha- 
nism. It should be emphasized, however, that these data are con- 
cerned with a-ketoglutarate formation in liver and the demonstration 
that this synthesis cannot involve the citric acid cycle in its present 
form does not invalidate the evidence for the occurrence of the cycle 
in muscle. 
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The assimilation of carbon dioxide by the tissues of higher animals 
is a reaction of considerable interest and novelty. In the single tissue 
studied by us, the reaction is of appreciable magnitude. In the in- 
tact animal, Hastings and his collaborators have reported that radio- 
active glycogen is formed when radioactive sodium bicarbonate is 
injected (21). It seems possible that we shall be forced to modify 


COOH COOH COOH COOH 
| | | | OH 
c=0 Cc=0 c=0 C—CH;—C—COOH 
| i + | ah | > 
CH; CH; CH; * oO 
+ *COOH *COOH 
i Oxaloacetic acid Pyruvic acid a-keto-y-hydroxyl-y-carboxyl- 
CO; elie tas 
adipic acid 
Pyruvic acid + 
carbon dioxide 
ea Y ame CO; *CO; 
CH: C=O CH; a a 


HOOC—C—OH — CH; + CH: — COOH + COOH 


| | | | 





CH; CH; c=0 CH; CH: 
| | | | | 
*COOH *COOH *COOH CH: CH, 
Citric acid a-ketoglutaric acid oheum | 





Succinic acid 
Fic. 2. Scheme for the synthesis of a-ketoglutaric and succinic acids from carbon 


dioxide and pyruvic acid by way of the citric acid cycle. The * represents radioactive 
carbon atoms. 


the view that the metabolic release of CO, is effected by reactions 
proceeding exclusively in one direction. 
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ELECTROENCEPHALOGRAPHIC CHANGES ASSOCIATED 
WITH DIFFERENT FORMS OF EXPERIMENTALLY PRO- 
DUCED INCREASED INTRACRANIAL PRESSURE 
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This paper reports on experiments investigating the relationship of 
various forms of increased intracranial pressure to large slow waves 
in the electroencephalogram. Previous studies have found large slow 
waves associated in some cases with increased intracranial pressure. 
However, no correlation has been found between the height or duration 
of the pressure and the presence of these waves (1, 2, 3). This lack 
of correlation suggests that the large slow waves do not result directly 
from increased intracranial pressure, and that some additional cause 
must be sought to explain their presence. 

It has been observed that the large slow waves disappear following 
reduction of intracranial pressure by ventricular puncture (4). Wil- 
liams has temporarily eliminated the large slow waves associated with 
increased intracranial pressure, by the intravenous injection of hyper- 
tonic salt solution (3). The elimination of large slow waves occurs 
with only a small reduction in the intracranial pressure, as measured 
by lumbar puncture. He concluded that the large slow waves were 
caused by edema associated with raised intracranial pressure, “prob- 
ably an edema of the nerve fibres of the white matter of the brain.” 

Certain inconsistencies seem apparent in the above data. If the 
large slow waves were a direct result of increased pressure they should 
be present in all cases, and should show some correlation with the 
height or duration of the pressure. Since they do not, one may con- 
clude that they are not the direct result of pressure. It would also 
seem unlikely that large slow waves are caused by brain edema since 


1Dr. Stewart’s present address: The Presbyterian Hospital, 622 W. 168th 
Street, New York City. 
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they disappear quickly following reduction of pressure by ventric- 
ular tap. 

There is a possibility that the large slow waves are caused, not by 
all forms of increased intracranial pressure, but by some specific form. 
Two forms may be differentiated: 

(1) Internal hydrocephalus. The channels through which cerebro- 
spinal fluid normally circulates, are blocked. The fluid accumulates 
under increasing pressure in the ventricles. The increased volume 
of ventricular fluid acts as an expanding force enlarging the ventricles 
and ironing out the cortical convolutions. 

(2) A disturbance in the normal equilibrium between production and 
absorption of cerebrospinal fluid. Normally fluid escapes from a capil- 
lary at its arterialend. Here the hydrostatic pressure is greater than 
the colloid osmotic pressure of the blood. At the venous end of the 
capillary, the colloid osmotic pressure predominates and fluid reenters 
the blood vessel (5). If this balance is disturbed by venous hyper- 
tension or blood dilution, the forces promoting absorption of the fluid 
are diminished. This results in increased pressure of cerebrospinal 
fluid which, in turn, promotes absorption. These two opposing forces 
neutralize each other and a new equilibrium is established at a higher 
pressure. The net result is an increase in the pressure of the cerebro- 
spinal fluid, associated with brain edema. Since there is no increase 
in the volume of cerebrospinal fluid, no major deformity of the brain 
develops. This type of disturbance will be referred to as generalized 
increased intracranial pressure in order to distinguish it from increased 
intraventricular pressure. 

In earlier observations on the relation of intracranial pressure to 
large slow waves in the electroencephalogram, no distinction has been 
made between increased intraventricular pressure and generalized in- 
creased pressure. Observation of clinical cases of active internal hy- 
drocephalus has shown that large slow waves are prominent in the 
electroencephalogram (2). It may be that the difference in these 
forms of increased pressure accounts for the presence or absence of 
the large slow waves. 

To test this hypothesis it was decided to investigate the brain waves 
of both these forms of increased intracranial pressure in experimental 
animals. Experimental intraventricular pressure, acute generalized 
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pressure and chronic generalized pressure are considered under sepa- 
rate headings and the results are discussed in a final section. 


INCREASED INTRAVENTRICULAR PRESSURE—HYDROCEPHALUS 
Methods 


Kittens were used as experimental animals. Adult cats were unsatisfactory 
because their skulls were too rigid. 

The technique used to produce hydrocephalus was that devised by Weed (6). 
Under very light Nembutal anaesthesia a cisternal tap was performed; 0.3 cc. of 
cerebrospinal fluid was withdrawn and replaced by 0.5 cc. of a 10 per cent suspen- 
sion of lampblack. This occluded the pathways for circulation of the cerebrospinal 
fluid and produced hydrocephalus. 

The mortality rate of the procedure was high. The work involved in taking 
electroencephalograms on all animals prior to operation was not considered justi- 
fied, since many died before developing hydrocephalus. Control records, there- 
fore, were made on a separate group of kittens. Electroencephalograms were 
taken after the injection of lampblack and during the rest of the kitten’s life at 
irregular intervals varying from one day to a month apart. Records were taken 
through the intact skull by means of four solder electrodes which were fixed to 
the scalp with adhesive tape, contact being made with electrode jelly. There 
were two frontal and two occipital electrodes. Each electrode was hooked up 
push-pull to its neighbor, resulting in a closed circle and four bipolar channels: 
right and left fronto-occipital, trans-frontal and trans-occipital. 

The records were taken on the unanaesthetized kitten when at rest but not 
asleep. An assistant remained in the cage at some distance from the kittens to 
see that the animals remained awake during the recording. When the animals 
died or were killed, the brains were fixed in formalin, cut, photographed and sec- 
tioned in order to show the extent of hydrocephalus. 


Resulis 


Conirol Records. Electroencephalographic records were made on 
three normal unanaesthetized kittens. The results, shown in Fig. I, 
resemble the normal records of adult cats. 

Experimenial. Experiments were conducted and records are pre- 
sented on six young kittens. In this group the course and extent of 
the hydrocephalus varied considerably, as is shown by the photographs 
of the brains taken at autopsy (Fig. II). Figs. III to VIII are ten 
inch samples of the electroencephalographic records taken during the 
development of hydrocephalus. Comments on these records are 
grouped together for comparison in Table I. The changes in the 
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records fell into three groups which coincided with three stages in 
the development of hydrocephalus. 
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Fic. I. Normal electroencephalograms of 5 day old kittens. These records 
provide control normals for comparison with the records of hydrocephalic kittens. 

In these and the succeeding records the following abbreviations are used to 
identify the position of the two electrodes which form each channel: L.F.O., left 
fronto-occipital; T.O., transoccipital (left to right); R.F.O., right fronto-occipital; 
T.F., transfrontal (right to left). 

Records of the kittens were taken without anaesthesia. The adult cats received 
intraperitoneal Nembutal (1.0-1.5 cc.) sufficient to produce light anaesthesia. 


The records first showed waves of a frequency of 15-20 per second 
and an amplitude of 25 microvolts. These may be characterized as 
“fast spiky” waves. This first stage existed from about the second 
to the ninth day following the injection of lampblack, and ended 








TABLE I 


Electroencephalographic studies on six kittens during the development of hydrocephalus 





























HYDROCEPHALUS 
ANIMAL FIRST STAGE OF PRESSURE 
Moderate Advanced 
A 1, Generalized fast activ-| 5. Clinical hydrocephalus: 
Born 2-12-40 ity with occasional high frequency, low 
Inject. 2-16-40 slow wave voltage. 
Ventricular tap: low 
frequency, moderate 
voltage. 
Clinical improvement. 
B 5. Early clinical hydro- | 11. Fast activity. Few | 22. Large slow waves. 
Born 3-19-40 cephalus. E.E.G.: large waves from | 24. Animal moribund. 
Inject. 3-29-40 fast, spiky waves. frontal lead. E.E.G. smooth, flat 
7. Frontal: fast, spiky | 14. Fast spiky waves with lines. 
wave. Occipital: occasional slow waves. 
smooth, fiat line. 15. Pattern flat with occa- 
sional large slow 
wave. 
Cc 5. Very hydrocephalic. | 30. Large, slow waves. 
Born 3-10-40 Spiky waves of mod- 
Inject. 3-29-40 erate voltage imposed/ 
on occasional large, 
slow waves. 
7. Similar to last record, 
but lower voltage. 
11. Left temporal: large, 
slow waves. Other 
leads show evidence 
of accidental sub- 
arachnoid haemor- 
rhage. 
15. Injury clearing. 
D 1. Fast activity except in | 15. Large slow waves with | 16. Typical large, slow 
Born 1-10-40 posterior lead. Oc- fast activity super- waves. 
Inject. 1-18-40 casional large, slow imposed. 
wave. 
4. Fast, spiky activity. 
14. Fontanelles open. Fast, 
spiky waves. Animal 
E 29. Chronic hydrocephalus.) 39. Animal drags head. 
Born 1-10-40 Few, fast waves. Large, slow waves. 
Inject. 2-26-40 Many large, slow | 47. Large, slow waves 
waves. reduced when animal 
fastens attention on 
environment. 
F 6. Smooth, fiat lines. In- 8. Slow waves. Increased | 9. Slow waves. Increased 
Born 2-12-40 creased activity fol- | activity following activity following tap. 
Inject. 2-16-40 lowing ventricular | ventricular tap. 
tap. 











Numbers indicate days on which records were taken. 

The record for each animal is divided into three periods: (1) the period extending from the injection of 
lampblack to the onset of signs of hydrocephalus, (2) a period of moderate hydrocephalus, and (3) a period 
of advanced hydrocephalus. The figure preceding each comment indicates the number of days between the 
injection of lampblack and the electroencephalographic record. 
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Fic. II. A to F are photographs of the brain of the six hydrocephalic kittens 


reported. G is a photograph of the brain of an adult cat which had chronically 
increased intracranial pressure and brain edema of 32 days’ duration. Records 
from this cat are shown in Fig. XIII. 
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Fic. Ill. Kitren A 

The experimental period for this kitten covers 5 days. The electroencephalo- 
gram illustrates the change in the early acute stages of increased intraventricular 
pressure. Record 1 was taken 6 hours after injection of lampblack into the cisterna 
magna. It acts as a control for the effect of pressure. Records 2-4 were all 
taken on the fifth experimental day. Record 2 shows a reduction in voltage and 
an increase in frequency of the brain waves. During this record the animal was 
in extremis. Record 3 was taken on the same day, one and a half minutes after 
1 cc. of cerebrospinal fluid had been removed by a ventricular tap. The kitten 
showed noticeable improvement and the brain waves are more nearly normal. 
Record 4 was taken five minutes after the withdrawal of fluid. Note the return 
of the high frequency, low amplitude waves. 


246 



































——— 
Aid 


POR BARLD\ JOOP LOAD SV re WON I 


Fic. IV. Kirren F 

The experimental period for this kitten covers 9 days. This case illustrates an 
acute onset of increased intraventricular pressure which developed into hydro- 
cephalus. Record 1 was taken 6 days after injection when the kitten was nearly 
moribund. The brain waves reflect this condition. Record 2 was taken on the 
eighth day. The kitten was in better condition and showed signs of hydrocephalus. 
Note the presence of large slow waves. Records 3 and 4 were taken on the ninth 
day. Slow waves are present in the third record. Following this record 2 cc. of 
cerebrospinal fluid were withdrawn by ventricular tap and record 4 was taken. 
The slow waves present before the reduction of pressure are much less conspicuous 
in this record. 
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Fic. V. Kirren D 

The experimental period for this kitten covers sixteen days. These records 
illustrate all the changes in the pattern from normal to the large slow waves of 
active hydrocephalus. Record 1 was taken prior to injection of lampblack, when 
the kitten was 8 days old. Record 2 was made on the fourth day, and shows the 
fast spiky waves which occur as a transitional stage from the normal to the pattern 
of hydrocephalus. These waves represent the stage before signs of hydrocephalus 
have occurred. Record 3, taken on the fifteenth day, shows a combination of 
large slow waves on the left fronto-occipital and the trans-occipital channels, and 
fast spiky waves from the right fronto-occipital and trans-frontal channels. The 


fourth record, taken on the sixteenth day, shows large slow waves present in all 
channels. 
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shortly after the appearance of the very earliest signs of hydroceph- 
alus. 
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Fic. VI. Krirren B 
This kitten lived a total of 24 days after the intracisternal injection of lampblack. 
Record 1 was taken on the fifth day. Note the fast spiky waves present in all 
leads. Record 2 was taken on the seventeenth day. The signs of hydrocephalus 
were marked. The pattern shows the large slow waves which have characterized 
all those cases of sustained intraventricular pressure resulting in hydrocephalus. 


Record 3, taken on the twenty-fourth day, illustrates the pattern of the brain 
waves of a moribund animal. 


In the second stage the electroencephalogram showed waves of 
about 3-5 per second and 150 microvolts. At this stage fast spiky 
waves were still evident, and large slow waves appeared intermittently. 
This second stage covered the period of the ninth to the fifteenth 
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Fic. VII. Kirren C 

This animal showed the most marked hydrocephalus of the group. Record 1, 
taken on the fifth day, shows fast spiky waves superimposed on an occasional large 
slow wave. This pattern in brain waves is correlated with the transition from 
increased intraventricular pressure to hydrocephalus. The kitten showed signs 
of moderate hydrocephalus at this time. Records 2~-4 were made on the 30th 
day. Large slow waves are present in records 2 and 4. The third record shows 
the variation which may occur in a single run. During this record the kitten’s 
attention was held by the activity around him. 
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Fic. VIII. Krirren E 

This kitten lived the longest of the group and illustrates the gradual development 
of hydrocephalus. The kitten, when sacrificed, was almost two months old and 
had been under observation for 47 days. Record 1 was taken on the twenty- 
ninth day. Up to this time the development of hydrocephalus had been so gradual 
that it was uncertain whether the injection had been successful. Note that the 
brain waves at this time show the presence of occasional large slow waves. Record 
2, taken on the thirty-ninth day, showed marked large slow waves of about 2 per 
second and over 300 m.v. Record 3 was taken on the 47th day. The kitten had 
his attention fixed on activity around him. This results in a decrease in amplitude 
and an increase in frequency of the brain waves. Record 4 was also taken on the 
forty-seventh day. The animal’s attention was no longer held and the waves were 
so large that the machine became blocked in trying to record the voltage. 
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days after the injection of lampblack, and coincided with the develop- 
ment of overt signs of hydrocephalus. The kittens at this time showed 
marked widening of the sutures, protruding eyes, prominent frontal 
bosses, and ataxia. 

As the development of hydrocephalus progressed the large slow 
waves were more consistently present and were larger in amplitude, 
reaching 300 microvolts. This represented the third stage. 

In the first and second stages the abnormal brain waves could be 
eliminated by a reduction in intracranial pressure by means of ven- 
tricular puncture. This is shown in Figs. III and IV. No attempt 
was made to reduce the intracranial pressure in the most advanced 
cases of hydrocephalus. The large slow waves were reduced for a few 
moments when the kitten’s attention was held by activity around him 
(Figs. VII and VIII). 

The large slow waves were not present in the first stage, during 
which increased intraventricular pressure and the very earliest signs 
of hydrocephalus develop. This indicates that increased intraven- 
tricular pressure cannot be regarded as the specific cause of large slow 
waves. Large slow waves occur shortly after the brain deformity, 
associated with hydrocephalus, develops; and at this stage, they may 
still be eliminated by reducing the intracranial pressure. Since the 
brain deformity remains, the large slow waves cannot be a product 
of this deformity. The large slow waves are present only when the 
brain is under the stress and strain accompanying an increase in the 
size of the ventricles. The abnormal cortical potentials may result 
from the tension placed on the white fibres of the brain; tension suff- 
cient to produce abnormal cortical potentials evidently develops 
shortly after the appearance of signs of hydrocephalus. 

Large slow waves have been observed in the records of a small num- 
ber of clinical cases of active hydrocephalus. An electroencephalo- 
gram from such a case is presented in Fig. IX. 

These observations lead to the conclusion that active internal hydro- 
cephalus is one cause of large slow waves in the electroencephalogram. 


ACUTE INCREASED INTRACRANIAL PRESSURE WITHOUT HYDROCEPHALUS 


Observation of clinical material shows that there are cases of in- 
creased intracranial pressure in which large slow waves are not present 
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in the electroencephalogram (2, 3). The following experiments were 
undertaken to investigate the brain waves of a form of markedly in- 
creased pressure of short duration, without hydrocephalus. 


Methods 


Adult cats were used as experimental animals because they were sturdier and 
easier to obtain. There were no forces tending to enlarge the ventricles and 
thereby distort the brain, so an adult, in which the skull sutures were closed, could 
be used. Control records presented earlier show that the change in age of the ex- 
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Fic. IX. Electroencephalogram of a one year old child (W) with recent acute 
hydrocephalus. Autopsy disclosed marked hydrocephalus caused by a cystic 
haemangioma of the cerebellum. Abbreviations: left frontal, left temporal, left 
occipital, right frontal, right temporal, right occipital. 


perimental animals does not affect the validity of later electroencephalographic 
comparisons, 

Three separate techniques for the production of acute increased pressure were 
employed: 

(1) The application of hydrostatic pressure to the cisterna magna. A catheter 
was placed in the fourth ventricle and connected to a Y-shaped tube, one arm 
of which ran to a water manometer, the other to a reservoir of saline. By adjusting 
the height of the reservoir of saline the pressure applied to the brain could be 
controlled, and the pressure read in the manometer. At the end of the experiment 
methylene blue was added to the reservoir fluid in order to be certain that the 
system was patent. Since at autopsy the dye was found staining the surface of 
the fourth ventricle the technique was considered satisfactory. 

(2) Reducing the absorption of cerebrospinal fluid by lowering the osmotic pressure 
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of the blood. Weed and Hughson have shown that the intravenous injection of 
distilled water produces a temporary increase in intracranial pressure, associated 
with brain edema (7, 8,9). In order to read the intracranial pressure in terms of 
cm. of water, a catheter was placed in the cisterna magna and connected to a water 
manometer. Two intravenous injections of fifteen cc. of distilled water were given 
15 minutes apart. After the second injection, records were taken at 15 minute 
intervals and the intracranial pressure noted. 

(3) Sudden occlusion of some of the veins draining the head. Preliminary experi- 
ments showed that in order to increase the intracranial pressure, even temporarily, 
by venous ligation, it was necessary to occlude both internal and external jugular 
veins. Therefore, in this experiment, both internal jugulars were tied, and a loose 
ligature, laid under each external jugular, was brought through the skin, and tied 
very loosely. By turning a matchstick placed in the loose ligature a tourniquet 
effect produced occlusion of these veins and an acute increase in intracranial 
pressure. 

Three cats were used. The electroencephalographic records were made on 
anaesthetized animals. The position and connections of the electrodes and the 
method of securing them to the scalp were similar to the technique described earlier. 


Results 


Hydrostatic pressure. The records in Fig. X show the effect of in- 
creased intracranial pressure produced by hydrostatic force. The 
pressure was raised from the normal 4-5 cm. of water to 50 cm. of 
water and maintained at the latter level for 20 minutes. It was neces- 
sary to reduce the pressure at the end of this time because of the 
danger of respiratory failure from medullary compression. 

The electroencephalographic records show a pattern of low ampli- 
tude and high frequency, which quickly reverted to normal when the 
pressure was reduced. Large slow waves were never present. 

These results confirm a similar experiment made on dogs (10). In- 
creased intracranial pressure produced by hydrostatic force caused no 
change in the animals’ electroencephalograms. 

Intravenous distilled water. The records in Fig. XI show the effect 
of the development of 16 cm. of water pressure, during a period of 
two and one half hours. There is little or no change in the character 
of the waves. One may conclude that in cats, large slow waves are 
not associated with brain edema and an acute increase in intracranial 
pressure to 16 cm. of water. 

Venous hypertension. In an attempt to produce maximum in- 
creased intracranial pressure by venous ligation, brain anoxemia is 











To | SOuv. 


|. aro 











ee 
TF 
SDL PARRA LDA AAP ie etn Ratt pl A portent 9h engl DODO AP ALO 
LFo 
| 50 mv 
To 


Og Amen penton aentnepncerettalin DoD inal iit 




















—!888._, 
TF a rt LAP mn I A LDN Ot 
Fro 
—_ 
To | SO mv. 
a i i etl ran ee a el i til ae 
3. aro 
Ln TO srt aii 
| Sc. 
TF —_——_—_—_ 
a ——————— SS _—-o>™*0O lO 
Fro 
tC lL ON ONL OL A 
To | SO sav. 


4. aro 


NN LON CN Lt 


Fic. X. AcurE INCREASED INTRACRANIAL PRESSURE PRODUCED IN A CAT BY 
HyprROSTATIC PRESSURE APPLIED THROUGH A CATHETER PLACED 
IN THE FouRTH VENTRICLE 

Record 1 is a preliminary run when the pressure was set at zero. Record 2 was 
taken fifteen minutes after the hydrostatic pressure had been raised to 50 cm. of 
water. Note the decrease in amplitude and frequency in all the leads in compari- 
son with the first sample. Record 3 was taken five minutes later under the same 
conditions as sample two. All activity is greatly reduced. Record 4 was taken 
a few minutes after the pressure had been reduced to normal. 

These records show that acute increased intracranial pressure may exist without 
the occurrence of large slow waves in the electroencephalogram. 
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unavoidably produced as well. Following venous occlusion the in- 
crease in intracranial pressure develops rapidly and reaches its maxi- 
mum within a few minutes. Coma resulting from anoxemia of the 
brain occurs much later. It has been shown that the brain waves 
remain virtually unaffected until considerable anoxemia is present 
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Fic. XI. Acute INCREASED INTRACRANIAL PRESSURE PRODUCED BY THE INTRA- 
VENOUS INJECTION OF DISTILLED WATER 


Record 1 was taken fifteen minutes after the completion of the injection of 30 
cc. of distilled water intravenously. The intracranial pressure at this time was 
5 cm. of water. Record 2 is a record taken two and a half hours after the comple- 
tion of the intravenous injection. At this time the intracranial pressure was 16 
cm. of water. In both records the potentials in the occipital channel are low, an 
artifact due to the presence of the catheter in the fourth ventricle. In neither 
record are large slow waves present. This indicates that increased intracranial 
pressure and edema may exist without the occurrence of large slow waves. 


(11). If large slow waves were caused by this form of acutely in- 
creased intracranial pressure, one would expect to find them in the 
record shortly after occlusion of the veins. They might later be dis- 
placed by the flat pattern of anoxemic coma. In this experiment the 
venous occlusion was maintained until coma was reached, and this 
was repeated on two occasions. In the intervals the cat had time to 
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develop collateral circulation for better brain oxygenation at raised 
venous pressure. That this occurred was shown in the subsequent 
prolongation of the time interval between occlusion of the venous 
drainage and the development of coma. 

In the first portion of the experiment following occlusion of the 
external jugular veins by means of a tourniquet, the pattern became 
flat as in coma. At this time a cisternal puncture was made. One 
cc. of cerebrospinal fluid came out under pressure and an additional 
2 cc. were withdrawn. The brain waves approached normal but soon 
returned to the flat pattern. The cat appeared quite ill, and the rec- 
ord was discontinued. The right external jugular was permanently 
ligated. Only the left external jugular remained patent. At no time 
during the taking of the record were large slow waves present. 

Four days later the experimental procedure was repeated. Under 
ether anaesthesia the intracranial pressure was measured and found 
to be 4 cm. of water (normal). A second base-line record was taken 
and the left external jugular again occluded. The record showed very 
flat waves on the left side. Fifteen minutes later the run was more 
nearly normal. During the next half hour the electroencephalogram 
showed a rhythmic wave of 20 per second which alternated with a 
flat record, indicating coma (Fig. XII, record 2). When the venous 
drainage was restored, the process was reversed; the flat waves giving 
way to the rhythmic 20 per second and finally to an almost normal 
record. Similar results are reported by Sugar and Gerard (11). Leads 
from the left and occipital areas (Fig. XII) were more nearly normal 
than those from the right, probably due to the fact that the right ex- 
ternal jugular was still ligated. 

A third and final run was made on the same cat eight days later. 
The cat during this time had both internal jugulars and the right 
external jugular occluded. Following a preliminary run the remaining 
vein was again occluded. The waves remained of low voltage. After 
the completion of the record, while the jugular veins were still oc- 
cluded, the intracranial pressure was measured and found to be 10 
cm. of water. At autopsy the brain was edematous and the veins 
distended. 

In the experiment on this cat, complete occlusion of the jugular 
system was repeated three times within fourteen days. On each oc- 
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tT 
Fic. XII. Cat P. Acute INCREASED INTRACRANIAL PRESSURE RESULTING FROM 
THE OCCLUSION OF THE VENOUS DRAINAGE FROM THE HEAD 

Record 1 was taken immediately after the occlusion of the remaining left external 
jugular vein. Note that the waves from the left hemisphere are extremely reduced. 
Since this change is unilateral it must be caused by anoxemia. This may be the 
explanation of its presence in moribund animals. Record 2, taken twenty minutes 
later, illustrates the regular 20 per second waves described in the text. Record 3, 
taken forty minutes after the occlusion, shows complete loss of waves. Since the 
animal was im extremis the venous drainage was restored. Record 4 shows almost 
normal brain waves present an hour later. The brain waves passed through a 
stage, similar to that seen in the second record, before returning to normal. 
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casion the time interval between occlusion and coma grew longer 
probably from the development of compensatory venous drainage. 
The likelihood of recording large slow waves, if they were to result 
from this form of increased intracranial pressure, consequently be- 
came greater. However, large slow waves never appeared in any of 
these records. 

The results from these three techniques of raising the intracranial 
pressure suggest that increased intracranial pressure alone, causes 
brain waves of high frequency and low amplitude. It also appears 
that anoxemia causes first, a regular 20 per second rhythm in the 
brain waves, and later, a flat pattern of coma. Large slow waves were 
never present in the electroencephalograms of any of the three types 
of generalized increased intracranial pressure. 

One may conclude that acute increased intracranial pressure may 
exist in cats without the occurrence of large slow waves in the electro- 
encephalogram. 


CHRONIC INCREASED INTRACRANIAL PRESSURE 


Since hydrocephalus is a form of chronically increased intracranial 
pressure, it should be compared with an equally chronic form of gen- 
eralized increased intracranial pressure. The present section makes 
this comparison and deals with the importance of the duration of the 
increased pressure. 


Methods 


The only satisfactory method for creating a chronic increase in cerebrospinal 
fluid pressure which could be satisfactorily employed was the ligation of a portion 
of the total venous drainage of the head. Therefore, the technique of venous 
ligation used earlier to produce an acute generalized increase in intracranial pressure 
was again used here. It was found necessary to ligate both posterior vertebral 
column sinuses, both internal jugular veins when they were of any size, and often 
one external jugular vein. The pressure fell slowly as the remaining venous 
channels grew larger, and new venous channels developed. This required a second 
and occasionally a third operation. With this technique the pressure was raised 
from the normal 4-5 cm. of water to 8-10 cm. as measured by cisternal puncture. 
This pressure was maintained for from four to five weeks. During the recording 
of the electroencephalograms the cats were lightly anaesthetized with Nembutal. 
The intracranial pressure was measured, whenever possible, at the end of a record- 
ing by means of cisternal puncture. 
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Results 


Of the four cats, on which the procedure outlined above was per- 
formed, only one is illustrated (Fig. XIII). The records of the first 
cat covered 40 days. The intracranial pressure during this period 
varied from 8-10 cm. and averaged 9 cm. of water. This represents 
an increase of 4-6 cm. above the average normal. In a second cat, 
a total of 4 recordings were made at approximately weekly intervals 
over a period of 35 days. The intracranial pressure, measured after 
the last two records, was 7 and 8 cm., respectively. This represents 
an increase of 3-4 cm. above the average normal. In the third cat 
(Fig. XIII) five records were taken. The first record was taken prior 
to operation. The pressure at this time was 4-5 cm. of water. The 
next four records were taken at approximately weekly intervals over 
a period of 35 days. The pressure varied between 8 and 11 cm., 
averaging 9.5 cm. of water. In the fourth cat, four records were 
taken at approximately weekly intervals over a period of 30 days. 
The intracranial pressure varied from 7.5 to 12 cm. and averaged 9.0 
cm. This represents an increase of from 2.0 to 7.5 cm. above the 
normal. If brain edema were the cause of large slow waves, one 
would expect them to be present in these records. All the records 
showed uniformly that in spite of increased pressure of from two to 
three times the normal, and its maintenance for a month, large slow 
waves did not appear. 

This experiment illustrates a condition of chronic increased intra- 
cranial pressure not associated with large slow waves. 


DISCUSSION 


Two fundamentally different forms of increased intracranial pressure 
have been distinguished. In one form, active hydrocephalus, large 
slow waves were present; in the other, acute pressure up to 50 cm. of 
water and chronic pressures of 10 cm. of water, were produced without 
the occurrence of large slow waves. This distinction probably ex- 
plains the lack of correlation of large slow waves with the height or 
duration of pressure. Earlier reports failed to distinguish between 
increased intraventricular pressure with hydrocephalus, and general- 
ized increased pressure without hydrocephalus. Without this dis- 
tinction, no correlation would appear to be possible. 
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Fic. XIII. Curonic INCREASED INTRACRANIAL PRESSURE FROM VENOUS LIGATION 


Record 1 is a normal electroencephalogram made before the posterior vertebral 
column sinuses were ligated. The intracranial pressure was 4-5 cm. of water. 
Records 2 and 3 were taken one and two weeks later, respectively. The intra- 
cranial pressure at this time was 11 cm. of water. Record 4 was made on the 
twenty-second day when the pressure was 8 cm. of water. On the twenty-eighth 
day both internal jugular veins and the left external jugular vein were ligated. 
Record 5 was taken five days later (thirty-two days after first operation) with the 
pressure at 10 cm. In spite of the chronic increased intracranial pressure which 
lasted thirty-two days, large slow waves were never present in the records. 
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It is noteworthy that Nanagas (12) reports an average of 5 cm. 
increase of intracranial pressure above normal in a series of kittens 
made hydrocephalic by the same technique used here. This strongly 
suggests that the height of intracranial pressure in the two forms re- 
ported here was of the same degree of magnitude, and is further evi- 
dence of lack of correlation of large slow waves with the height of 
the pressure. 

The explanation offered in this paper for the correlation of large 
slow waves with hydrocephalus, is that they are due to the tension 
of the nerve fibres, present in active hydrocephalus, but absent when 
the pressure is increased without the production of hydrocephalus. 
This explanation is consistent with the fact that large slow waves 
disappear following reduction of intraventricular pressure by means 
of either ventricular puncture or intravenous hypertonic salt solution. 
It has been observed by Williams that the large slow waves disappear 
even with a small reduction of pressure, which he attributed to the 
elimination of brain edema (3). Experimental work presented in this 
paper is evidence against the view that the large slow waves result 
from brain edema. The disappearance of the large slow waves is 
more easily explained by the fact that even a small reduction of pres- 
sure would relieve the tension, and temporarily arrest the hydro- 
cephalus. 

Observation of a small number of clinical cases shows that they 
parallel the experimental results presented here. In one group, com- 
posed of two children and one adult, hydrocephalus had been demon- 
strated by ventriculogram. In each of the three cases, the electro- 
encephalogram exhibited large slow waves, 1-5 per second. A record 
from one of these cases was shown in Fig. IX. 

In a second group, composed of three adults, a diagnosis of meningeal 
hydrops (serous meningitis, arachnoiditis) (13) was made. The pres- 
sures varied from 29.5 to 60 cm. of water. Papilledema was present 
in all cases, varying from 23 to 4 diopters. Ventriculograms and 
pheumoencephalograms were normal. The blood pressure in all cases 
was within normal limits. Electroencephalographic records in two of 
the cases were considered to be normal, with low amplitude. In the 
third case there were mild abnormalities, with fast activity. No large 
slow waves were present in any of the records. 

Since in cases of compensated hydrocephalus (14) there is no actively 
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developing deformity and no tension on the nerve fibres of the brain, 
one would not expect to find large slow waves in the electroencephalo- 
gram. ‘The writer has seen only one clinical case of this condition. 
The patient, an adult moron, had a history of headache and an ab- 
normal increase in the size of the head during infancy. When the 
record was taken there had been no signs of increased intracranial 
pressure for 20 years. The brain waves were within normal limits 
and devoid of large slow waves. 

There has been much speculation concerning the nature of the large 
slow waves. They are recorded in such pathological conditions as 
localized adhesive arachnoiditis, brain abscess, and cortical tumors (2). 
They have been described by Walter as “in the nature of inaction 
potentials.” They are normally present in deep sleep (15), anaes- 
thesia (11, 16), coma, and other types of loss of consciousness (2). 
In children at birth, there is incomplete myelinization of numerous 
tracts which are, therefore, non-functional, and large slow waves are 
present (2). In short, these waves seem to be present in cases of 
cortical inactivity. This inactivity may be functional, as in sleep, 
or pathological, as in localized arachnoiditis. In tumor cases (17), 
it is possible that the expanding lesion compresses the brain around 
it and causes a local increase in tension comparable to that present 
during active hydrocephalus. In the first instance, the large slow 
waves are local, while, in the second instance, they are general. 

At present any answer to the general question as to the nature of 
the large slow wave must be conjecture. It is possible that cortical 
cells when inactive or partially damaged have a slow resting rhythm. 
The condition would then be comparable to the alpha rhythm of the 
occipital cortex. This would explain the presence of the large slow 
waves in persons asleep, under anaesthesia, or with hydrocephalus. 
When function is restored as on awakening or by the reduction of 
intraventricular pressure, this resting rhythm is broken up and re- 
grouped in the faster smaller waves of the normal electroencephalo- 
gram. 


SUMMARY 


Abnormal large slow waves are present in the electroencephalogram 
of kittens developing hydrocephalus. Generalized acute or chronic 
increased intracranial pressure does not produce large slow waves. 
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Similar associations were found in the few clinical cases studied. 

An explanation is offered of the relation between the large slow 
waves and hydrocephalus. Based upon the evidence presented, it is 
believed that the large slow waves result from the tension of the white 
fibres of the brain, during active hydrocephalus. Their absence in 
other forms of increased intracranial pressure is accounted for by the 
absence of this tension. 

In the concluding discussion the question is raised concerning the 
nature of the large slow wave and it is suggested that it represents a 
resting rhythm of the anterior portion of the brain. 
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FAILURE OF PYRIDOXINE (VITAMIN Bs) TO MODIFY THE 
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Following the isolation of crystalline vitamin B, (the rat anti- 
acrodynia factor) and the subsequent synthesis of this compound, it 
was not long before reports of the clinical effects of this vitamin began 
to appear in the literature. The first communication was that of 
Spies and his associates (1), who observed striking improvement in 
certain subjective symptoms such as nervousness, insomnia, irritabil- 
ity, abdominal pain, weakness, and difficulty in walking, within 24 
hours after the administration of 50 milligrams of vitamin Bg to four 
patients who had been successfully treated for pellagra (with nicotinic 
acid) and beriberi (with thiamin) but who had remained on deficient 
diets. This was followed by claims from various clinics that vitamin 
Be was effective in alleviating the symptoms of such heterogeneous 
disorders as arsenic polyneuritis, cheilosis, pernicious anemia and the 
macrocytic anemia of pellagra, pseudo-hypertrophic muscular dys- 
trophy, and finally the parkinsonian syndrome. It seemed incredible 
that the deficiency of a single vitamin should be responsible for such 
a diverse group of unrelated diseases, no two of which are likely to 
develop in the same individual. Obviously further trial of the vitamin 
under carefully controlled conditions was indicated. The purpose 
of this paper is to report our experience in the treatment of the parkin- 
sonian syndrome with crystalline vitamin Be (pyridoxine). 

From two clinics favorable reports have appeared on the use of 
vitamin Bs in Parkinson’s syndrome. In the two groups comprising 
a total of 26 patients so treated, improvement, in the sense of relieving 


* This work was aided by a grant from the Rockefeller Foundation Fluid 
Research Fund. 
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rigidity and increasing strength, was noted in a considerable number 
of cases. Spies and his associates (2) observed beneficial effects in 
three patients suffering from post-encephalitic parkinsonism, and in 
a few arteriosclerotic cases with long-standing paralysis agitans. 
Jolliffe (3), on the other hand, in his group of 15 patients found no 
improvement in the post-encephalitic cases and little or no change in 
patients with arteriosclerotic paralysis agitans completely disabled 
for longer than three years, but definite improvement was observed 
in patients with the latter type of disease who had been helpless for 
less than one year. In certain instances an amazing increase in func- 
tion was noted within an hour after the intravenous injection of 50 
mg. of the vitamin. In planning our study the observations of Spies 
and Jolliffe were given careful consideration. 


CASE MATERIAL AND METHODS 


Patients with post-encephalitic parkinsonism or arteriosclerotic 
paralysis agitans were selected from the neurologic clinic or the medical 
wards of the Johns Hopkins Hospital. Several criteria were applied 
in making this selection: 1) the patients should manifest outspoken 
characteristics of the parkinsonian syndrome; namely, cog-wheel 
rigidity, tremor, and loss of associated movements; 2) the symptoms 
should be of relatively short duration; 3) patients should be subjected to 
a trial of pyridoxine therapy only if they volunteered for such treat- 
ment after having the purely experimental nature of the procedure 
explained to them. The latter precaution was taken with the object 
of eliminating the psychological boost that so frequently accompanies 
the institution of any new form of treatment in such patients. Seven 
patients (four with arteriosclerotic paralysis agitans, two with post- 
encephalitic parkinsonism, and one in whom the exact etiology was 
obscure) were chosen for a prolonged trial of intravenous therapy 
with vitamin Bs; five of the seven entered the hospital, the other two 
were treated in the out-patient clinic. A dietary history was taken 
in every case. A careful neurologic examination was performed 
on each patient prior to starting treatment and repeated frequently 
during and after the period of vitamin therapy. Pyridoxine (vitamin 
Be) hydrochloride (Merck) was dissolved in sterile normal saline or 
distilled water and administered intravenously in all cases. Five 
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patients were given 50 mg. a day for two weeks, one patient received 
50 mg. a day for one week, and one received 100 mg. a day for one 
week. Three additional patients were given a single intravenous 
injection of 100 mg. of vitamin Bs hydrochloride and were observed 
for several hours following the injection for possible immediate 
effects upon the parkinsonian symptoms. 

In 6 of the 7 patients treated with repeated injections of pyridoxine 
the urinary excretion test of Scudi and his associates (4) was carried 
out at the time of the first injection and repeated at intervals during 
the course of therapy. Spies (5) has reported that normal individuals 
excrete at least 8 per cent of the injected dose in the first hour, whereas 
patients showing evidence of deficiency of vitamin Be will excrete 
little or none of the test dose. 


CASE ABSTRACTS 


Case #1. F. T., male, white, aged 25 years. In January, 1937 the patient 
developed “‘sleeping sickness” and slept 94 months. When he regained conscious- 
ness, his movements were slow, stiff, and awkward. He had to learn to walk all 
over again. On three subsequent occasions he slept for periods varying from 9 
days in April, 1938, to 53 days in October, 1938. Early in 1940 he was asleep 
for 2-3 weeks. When admitted to the hospital in the fall of 1940 he complained 
of drowsiness and sharp pains over his forehead. He was obliged to take a nap 
every 2-3 hours during the day, but experienced some difficulty in sleeping at 
night. His diet had been good. 

On physical examination the temperature, pulse, and respiration were normal. 
Blood pressure was 110/65. Nutrition was good. Activity was slow; his voice 
was low-pitched and his speech was difficult to understand. The face was mask- 
like; there was a moderate stoop. Marked rigidity of the muscles of the extremities 
was present. There was a tremor of the eyelids. Although the deep tendon 
reflexes were not exaggerated and the abdominal reflexes were active, there was a 
bilaterally positive Babinski sign. Blood count and urine were normal; the 
Wasserman test was negative. 

Impression: Chronic encephalitis lethargica with parkinsonian syndrome. 

Treatment: The patient was first given hyoscine 1.2 mgm. and benzedrine sulfate 
10 mgm. daily. He became brighter and more cheerful; his reactions were quicker. 
The hyoscine and benzedrine were continued during a subsequent 2-week period 
of daily intravenous injection of 50 mgm. of crystalline vitamin Bs. There was 
no further improvement in the patient’s condition under the vitamin therapy. The 
patient was eventually given large doses of atropine in addition to the hyoscine 
and benzedrine with beneficial effects. 
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Case #2. C. S., female, white, aged 33. In March, 1937 this multiparous 
housewife first noticed shaking of her left arm during the sixth month of her fourth 
pregnancy. No definite history of preceding encephalitis was obtained. Shortly 
after the tremor had developed in her arm, the left leg began to shake and she 
experienced difficulty in speaking. Hypersalivation became troublesome. Over 
the ensuing years the tremor and stiffness of the left arm and leg increased and 
the right arm and leg became similarly involved to a lesser extent. As far as could 
be ascertained, her diet had always been adequate. Prior to the trial of vitamin 
Be therapy she had received hyoscine hydrobromide (as much as 9 mg. a day) 
without much improvement. 

Physical examination in October, 1940 revealed a slender woman who was seri- 
ously handicapped by the coarse tremors of all four extremities, more pronounced 
on the left. There was striking cog-wheel rigidity, and loss of associated move- 
ments when she walked. The dysarthria, resulting from the coarse tremor of the 
tongue and laryngeal muscles, was so marked that her speech was almost unin- 
telligible. Blood pressure was 130/85, blood count and urine normal, Wassermann 
reaction negative. 

Impression: Post-encephalitic parkinsonism. 

Treatment: On November 2, 1940, daily intravenous injections of 50 mg. vitamin 
Be hydrochloride were started and continued for two weeks. The dose of hyoscine 
hydrobromide (9 mg. a day) which she had been receiving prior to vitamin therapy 
was continued throughout. She showed absolutely no improvement during the 
period of treatment with vitamin Bg. 


Case #3. J. L., male, white, aged 69 years. In 1937 he noted that he was 
“slowing down” and his limbs were growing stiff. Tremor of the hands developed. 
Talking became an effort. He experienced difficulty in performing finer move- 
ments such as dressing himself. There was no history of encephalitis. His 
appetite remained good and his diet was excellent. Stramonium and benzedrine 
had been administered with little effect; he was somewhat better on hyoscine. 
In September, 1940 he was admitted to the hospital for a trial of vitamin Bg 
therapy. In the previous three weeks he had taken no form of medication. 

Physical Examination: Development and nutrition were good. There was 
well-marked arteriosclerosis. Blood pressure was 140/90. The patient lay flat 
in bed and made few spontaneous movements. He was unable to turn over or 
sit up without assistance. He could turn his head slightly from side to side but 
was unable to bend it forward. The face was expressionless. Speech was slow 
and thick. There was a slow pill-rolling tremor of both thumbs and striking 
generalized rigidity with cog-wheel phenomenon at the wrists and elbows. Reflexes 
were brisk and equal on the two sides. Blood count and urine were normal, the 
Wassermann negative. 

Impression: Paralysis agitans on an arteriosclerotic basis. 

Treatment: The patient was given a daily intravenous injection of 50 mgm. 
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vitamin Bg for one week. He was just as helpless at the end of the week as before 
treatment. Therefore the injections were discontinued and “Rabellon’ was 
administered by mouth in gradually increasing doses until he was receiving 1.5 
mgm. a day. The rigidity and tremor both decreased and the patient became 
considerably more active. He was able to turn over in bed, get up unassisted, 
and dress himself. He could walk fairly well without assistance. 


Case #4. H. B., female, colored, aged 68 years. In 1937 the patient first 
noticed a coarse tremor of her hands. There was no history of encephalitis. Her 
movements gradually became slower and more awkward. Early in 1940 she 
became stooped and developed a propulsive gait so that she could not avoid running 
after she had walked a few steps. Although no accurate dietary history was 
obtainable owing to the patient’s mental status, it was evident that her appetite 
had never failed her. She was admitted to the hospital in November, 1940. 

Physical Examination: The patient was a short well-nourished elderly colored 
woman who stood with a marked stoop. Although her movements were all slow, 
the gait was characteristically propulsive with loss of associated movements of 
the arms. There was a coarse rhythmic tremor of the hands and pronounced 
cog-wheel rigidity in both arms and legs. The blood-pressure was 180/80. The 
arteries showed advanced sclerosis. The teeth were all carious. The blood 
count and urine were normal; the blood Wassermann was positive, but the spinal 
fluid Wassermann was negative. There was gastric achlorhydria, even after 
stimulation with histamine. 

Impression: Paralysis agitans on an arteriosclerotic basis; dental caries; achlor- 
hydria gastrica. 

Treatment: The patient was givenan intravenous injection of 50 mgm. of vitamin 
Bg daily for 15 days. Although she stated that she felt a little better during this 
period, no objective evidence of improvement could be made out. After the trial 
of vitamin therapy she was given “Rabellon” by mouth in doses up to 2 mgm. 
a day with striking subjective and objective improvement. 


Case #5. C.C., female, white, aged 58 years. In 1936 the patient’s left arm 
and leg began to shake. There was no history to suggest a preceding encephalitis. 
In 1938, the blood Wassermann test was found to be positive and antisyphilitic 
treatment was administered over the next two years. Thespinal fluid examination 
was normal before and after treatment. The tremor of the left arm and leg 
persisted and in the summer of 1940 the extremities on the right side began to 
shake as well. Her diet had been good. She was admitted to the hospital in 
November, 1940. 

On physical examination the following abnormalities were noted: blood pressure 





1 Rabellon (Sharp and Dohme) is a combination of three belladonna alkaloids: 
hyoscyamine, atropine, and scopolamine. 
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185/95, obesity, arteriosclerosis, slight cardiac enlargement, hypertrophic arthritis 
of the spine. The neurologic examination revealed an expressionless face, coarse 
parkinsonian tremor of the arms and legs (more pronounced on the left side), 
cog-wheel rigidity in all four extremities, and hyperactive deep reflexes. Blood 
count and urine were normal. 

Impression: Paralysis agitans probably on anarteriosclerotic basis: hypertension; 
latent syphilis. 

Treatment: The patient was given an intravenous injection of 50 mgm. of crys- 
talline vitamin Bg daily for two weeks. There was no subjective or objective 
improvement during this period. She was discharged from the hospital on 
“Rabellon” 2 mgm. a day, but experienced no definite benefit from this form of 
treatment. 


Case #6. N. B., male, white, aged 60 years. The patient gave a history of 
having “‘grippe’”’ for three days in April, 1939. One month later his right arm 
began to shake and shortly thereafter the right side of his face felt stiff and a 
tremor developed in the right leg. The stiffness gradually increased and he noted 
a tendency to fall forward when he walked. His diet was well-balanced. The 
patient was admitted to the hospital in December, 1940 for a trial of vitamin Bg 
therapy. 

Physical Examination: An undernourished white man of 60 with well-marked 
arteriosclerosis; blood pressure was 125/75. ‘The right side of the face was expres- 
sionless. There was a coarse parkinsonian tremor of the right arm and leg with 
pronounced cog-wheel rigidity in both of these limbs. The right arm did not 
swing when he walked. There was practically no involvement of the left side of 
the body. The deep reflexes were brisk, more active on the right than the left. 
The blood count, sedimentation rate, and urine were normal. The blood Wasser- 
mann and spinal fluid were negative. 

Impression: Paralysis agitans, right-sided, on an arteriosclerotic basis seemed 
most likely, although a post-encephalitic parkinsonism was considered possible 
in view of the history. 

Treatment: Since there had been no improvement in the earlier cases treated 
with 50 mgm. vitamin Bg daily, it was decided to give this patient 100 mgm. of 
the vitamin intravenously every day. This program was followed for one week 
during which time the patient showed absolutely no improvement, subjective or 
objective. The patient developed edema of the ankles and his urine showed a 
few red blood cells and casts. Although there was no proof that thevitamin 
Bg was responsible for these changes, the injections were discontinued. The 
edema disappeared and the urine cleared up soon after. The patient was then 
given hyoscine 4 mgm. a day with rapid and striking improvement. 


Case #7. A. G., male, white, aged 69 years. In 1937 the patient noticed that 
he was not swinging his left arm when he walked. A year later he developed some 
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pain in his left arm and shoulder; the left arm and leg began to shake. The symp- 
toms were always worse when he was nervous or tired; they interfered with his 
sleep. There was no history of encephalitis. The diet had been good. 

Physical Examination: The patient was a slender elderly white man who walked 
with a considerable stoop. The left arm did not swing and the left leg dragged a 
little. A slow coarse tremor of the left hand was present. There was striking 
cog-wheel rigidity of the left arm and leg. The right hand showed a very slight 
tremor, but there was no appreciable rigidity of the right arm or leg. The deep 
reflexes were brisk, more active on the left. Blood pressure was 140/80. Blood 
count and urine were normal, the Wassermann negative. 

Impression: Paralysis agitans, chiefly left-sided, on an arteriosclerotic basis. 

Treatment: Period 1: 1st to 15th day: Daily intravenous injection of 50 mgm. 
vitamin Be dissolved in 5 cc. physiologic saline. There was striking subjective 
improvement (patient less nervous, appetite increased, sleep better) following the 
initial injection. This persisted during the entire period. At no time was there 
objective evidence of improvement in the rigidity, tremor, or gait. 

Period 2: 16th to 36th day: Daily intravenous injection of 5 cc. physiologic 
saline. Patient continued to feel better but there was no objective change. 

Period 3: 37th to 57th day: No therapy. Two days after the injections were 
stopped, the patient felt that he was losing ground: subjectively shaking more, 
stiffer; sleep restless; appetite poor. There was no objective change in symptoms 
or signs during this period. 

Period 4: 58th to71th day: Dailyintravenous injection of 5cc. physiologic saline 
(no vitamin Bg). Once more the patient felt very much better just as he did during 
the original course of vitamin Bs, therapy. It was quite apparent that the daily 
intravenous injections exerted a tremendous psychologic effect which was in- 
dependent of the vitamin Bg content. 

At no time during the 10-week period of observation was there any objective 
change in the neurologic status. All intravenous treatment was finally discon- 
tinued and the patient was given 0.3 mgm. hyoscine hydrobromide three times a 
day. Under this therapy there was for the first time marked reduction in the 
rigidity and tremor along with pronounced subjective improvement. 


RESULTS 


Seven patients with outspoken manifestations of the parkinsonian 
syndrome have been treated with intravenous injections of vitamin Bs 
over periods of one to two weeks. The results are summarized in 
Table I. In no case was the slightest evidence of objective improve- 
ment obtained, and in only one case (case #7) was there an appreciable 
degree of subjective improvement. The latter patient was subse- 
quently retested with intravenous injections of normal saline contain- 
ing no vitamin Bs. The subjective response to the saline injections 
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was in every way comparable to that observed during the period of 
vitamin B, therapy, suggesting that the mere stimulus of an intra- 


























TABLE I 
S| URINARY EXCRETION 
= OF PYRIDOXINE (PER 
Se 5 z CENT OF TEST DOSE 
DIAGNOSIS zailzki| § wee ie RESULT 
F Be; ee) 2 | som 
se ee) 28] 43 
JHE BF] EF | E | ay [as [as 
years | weeks | mg. fA faa pl 
1 | W| Mj 25| Post-encephalitic} 34 2 | 700*| 10.4) 20.0) 19.0} No improve- 
parkinsonism ment 
2| W\ F | 33) Post-encephalitic| 34 2 | 700* 21.8) 19.6] No improve- 
parkinsonism ment 
3} W| M| 69} Arteriosclerotic | 3 1 |350*| 8.6) 11.9 No improve- 
paralysis agi- ment 
tans 
4| C)} F| 68) Arteriosclerotic | 3 2 | 700*| 17.8) 15.6) 12.3) Slight subjec- 
paralysis agi- tive improve- 
tans ment; no ob- 
jective 
change 
5| W| F | 58) Arteriosclerotic | 4 2 | 700*| 10.8} 10.9} 8.1) No improve- 
paralysis ment 
agitans 
6| W| M| 60) Arteriosclerotic 14 1 | 700t| 7.9) 15.2 No improve- 
paralysis ment 
agitans 
7| W| M| 69) Arteriosclerotic | 3 2 | 700*| 13.9) 23.2) 22.3) Marked subjec- 
paralysis tive improve- 
agitans ment, but no 
objective 
change. Sub- 
sequent strik- 
ing subjective 
improvement 
on intraven- 
ous salt solu- 
tion alone 






































* 50 mg. per day. 
1100 mg. per day. 


venous injection exerted an unusually powerful effect upon the psyche 
of this individual. 
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In four of the patients quantitative measurements of the muscular 
strength in the arms were made by Dr. Orthello Langworthy. No 
increase in strength occurred during the period of vitamin Beg therapy. 
In six of the seven patients the urinary excretion of pyridoxine during 
the first hour following the initial injection was measured according 
to the method of Scudi and his associates (4). We are not prepared 
to state whether or not this test is in any way a measure of vitamin 
Be deficiency, but merely wish to point out that in all six patients the 
amount of the vitamin excreted was well within what is considered 
the normal range by both Scudi (4) and Spies (5). In this respect 
our results differ from those of Flexner and Chassin (6) who found the 
urinary excretion of pyridoxine following the intravenous injection 
of a 50 mgm. test dose to be reduced below normal in 6 or 7 cases of 
post-encephalitic parkinsonism. It is interesting to note that in our 
cases at the end of the treatment periods only in 3 of the 6 cases was 
there an appreciable increase in the percentage of the 50 mg. dose 
excreted over the initial excretion level. 

Three additional patients with post-encephalitic parkinsonism were 
each given a single intravenous injection of 100 mg. of vitamin B, 
hydrochloride and were observed for several hours thereafter. In no 
case did the slightest improvement manifest itself. Thus the obser- 
vation of Jolliffe that immediate alleviation of symptoms may follow 
such treatment could not be confirmed in a single instance among the 
ten cases that comprise our series. 


DISCUSSION 


In thecases which we have reported there was no reason to suspect 
from the dietary histories of the patients, their clinical appearance, 
or the urinary excretion test (if this be of any value) that they were 
suffering from deficiency of vitamin Be or of any of the other factors 
of the vitamin B complex which are so closely associated with one 
another in their natural food sources. In view of this it is not sur- 
prising that treatment with pyridoxine was of no benefit in any of the 
cases. Zeligs (7) has likewise failed to confirm the original favorable 
reports. He treated 10 cases of post-encephalitic parkinsonism and 
5 patients with arteriosclerotic paralysis agitans by giving daily 
intravenous injections of 50 to 100 mg. of pyridoxine hydrochloride. 
He took care to avoid playing upon the suggestibility of his patients. 
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Flexner and Chassin (6) did not state whether treatment was bene- 
ficial in their cases. Sebrell (8) has informed us that he has treated 
24 cases of severe long-standing parkinsonism with pyridoxine over 
periods of 2 weeks each, but in no case has objective improvement 
been observed. On the other hand, Baker (9) has very recently re- 
ported objective improvement in 6 of 15 patients with paralysis agitans 
treated with intravenous injections of vitamin Bs, and subjective 
improvement in 2 of 4 patients given pyridoxine orally. Neither the 
age of the patient nor the duration of symptoms seemed to bear any 
relationship to the effect of treatment. Most of the patients were 
treated for longer periods than those we have reported, and improve- 
ment was first noted after several weeks in certain cases. It is difficult 
to see how improvement which first became evident six weeks after 
completion of a course of pyridoxine in one patient could be attributed 
to the effects of the vitamin. 

In spite of the conflicting reports in the literature it is our opinion 
that the preponderance of evidence fails to support the rationale of 
pyridoxine therapy in the parkinsonian syndrome. 


CONCLUSION 


Vitamin B, proved to be totally ineffective in the treatment of the 
parkinsonian syndrome in a selected group of ten patients. 
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Several methods for the approximate evaluation of a dosage-effect 
curve have been proposed. The median effective dose, E.D.50, is 
generally accepted as the basic value to be obtained from the dosage- 
effect curve. This value can be interpolated graphically from the 
curve according to the procedure of Trevan (1), or Gaddum (2). It 
may also be obtained without representation of the curve by the pro- 
cedure of Dragstedt (3), Behrens (4), or Karber (5). It is, however, 
impossible to assess the accuracy of the E.D.s50 obtained by the above 
methods. With a restricted experimental design Karber’s method 
does yield an estimate of the standard error. 

If the percentage effects at the various doses are converted into 
relative deviates of a normal curve, or normal equivalent deviations 
in Gaddum’s terminology (2), and plotted against dosage or some 
suitable function of it such as the logarithm, the dosage-effect curve 
will be linear. In Bliss’s procedure (6) the percentages are converted 
into probits, i.e., normal equivalent deviations plus five. From the 
free-hand line drawn through these points, the parameters E.D.50 and 
the slope } can be read off directly. The validity of a bioassay based 
on a dosage-effect curve depends on 1) the parallelism between “‘stand- 
ard” curve and “unknown” curve and 2) the sampling error of the 
ratio of “standard” to “unknown” potency. Therefore, it is essential 
to know the standard error of the slope and of the median effective 
dose. These standard errors have been obtained generally by mathe- 


1 This investigation has been aided by a grant from The John and Mary R. 
Markle Foundation. 
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matically fitting the dosage-effect curve. It seems desirable to 
review briefly the method of fitting: 

In Gaddum’s procedure each normal equivalent deviation is assigned 
a weight w, the inverse of the variance of the percentile, mz*/pg, where 
n is the number of animals at that dose, p is the proportion surviving, 
q the proportion dying, and z is the ordinate of the unit normal curve 
corresponding to a proportion ~. The line is then fitted by least 
squares. In Bliss’s procedure the weights are determined by the 
probits at the various doses as read from a provisional line drawn 
through the points rather than by the observed probits. Furthermore, 
these probits on the provisional line are made the basis for certain 
continuity corrections to the observed probits as deduced from maxi- 
mum likelihood considerations. The line is then fitted by least squares 
using these corrected probits and their weights. The equation of the 
fitted line is 


Y = a+ d(x — &) I 


where Y is the predicted probit and x the chosen function of the 
dosage, say log dosage. Here, x is the average log dose evaluated as 


% = S(wx)/S(w) II 


where S indicates summation over all the points. From the least 
square solution 


a= ¥ = S(wy)/S(w) Ii 
b = Slwy(x — %)]/S{w(x — 2)" IV 


Significant departure of the points from the fitted line indicating that 
the best fit has not yet been attained or that heterogeneity exists may 
be tested by a Chi-square criterion utilizing the deviations of the points 
from the line. If the fitted line differs greatly from the provisional 
line or is otherwise unsatisfactory, a second line may be fitted, using 
the first as a basis for obtaining a new series of weights and corrected 
probits. Log E.D.s50 will then be that value of x for which Y = 5, 
and may be derived as 


Log E.Dw = 2 + >>? Vv 
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Provided that the deviations of the points from the line do not indicate 
heterogeneity, the standard errors of log E.D.s5) and b may then be 
deduced. 


S.E.3 = 1/S{w(«x — 2)*) VI 


If the experiment was well planned so that the average log dose is not 
far from log E.D.s0, then 
2 (5 — 5)" 1 
S-E-gEDm = Shwe — 2) + FSC) aia 

Routine use of Gaddum’s method or of Bliss’s more elaborate 
method is laborious even with the aid of a calculator. It is the purpose 
of this paper to compare graphical estimates of the parameters log 
E.D.50 and 6 with those obtained by the least square solution and to 
present certain approximations to the standard errors of these param- 
eters. The comparison is based on 54 dosage-effect curves. 

The experimental data from which these curves were derived were 
obtained with the use of several strains of mice. The number of mice 
used to determine any one curve varied from 27 to 120. The number 
of animals used at any particular dose varied from 3 to 12. The 
object of each of the experiments was to relate curative effect to dose 
of a drug, in the presence of an infection which was invariably fatal 
to untreated mice. The experimental procedure used in obtaining 
these data has been previously reported (7). Seven different sulfanil- 
amide derivatives and two different bacterial infections are represented 
in this series. The experiments were carried out over a two-year 
period. 





PROCEDURE 


The data of each experiment were treated as follows. Doses were 
converted to logarithms and per cent survival to probits, by means of 
suitable tables (6). The values obtained were plotted on arithmetic 
coordinate paper and a free-hand straight line was drawn through 
the points, using a transparent straight edge to facilitate placing the 
line to best advantage. The logarithm of the E.D.59 (the dose at which 
an ordinate would intersect the line at probit value 5) was then read 
from the graph. 




















GRAPHIC SOLUTION OF DOSAGE-EFFECT CURVE 279 


The slope of the line can readily be estimated as 
b = (y2 — y1)/(%2 — x1) 


where (x1, 91) and (x2, y2) are any two points on the line. The recipro- 
cal of the slope, s, is the standard deviation of the individual effective 
doses and represents the dosage range required to alter the response 
by one probit. 

The approximations to the standard errors of log E.D.59 and b were 
obtained as follows: 

From formula VII it is evident that if y is near 5, the contribution 
of the first part of the formula is small compared with the second part. 
Thus S.E.? log E.D.s50 is approximately s?/S(w) where s has already 
been estimated (S = 1/b). S(w) is composed of terms like n(z?/pq). 
Reference to a table of the normal curve or of weights (6) shows that 
(s?/pg) has a value of .6366 at 5 probits, decreasing to .4386 at 4 or 6 
probits and rapidly decreasing thereafter. We shall not be far wrong 
if we take a value of .5 for all animals within s units of log E.D.+0, 
ignoring the weight of the other points. The resultant underestima- 
tion of S(w) partly compensates for any discrepancy of yfrom5. Thus 
an entirely satisfactory formula appears to be 


S.E.jcg ED. -= s/ ae VII 


where N’ is the number of animals within s units of log E.D.s0. 
It is more difficult to obtain an adequate approximation to S.E.,. 
Formula VI may be rewritten as 


1 


SE} =. ——_—.. 
. S(w) on 


where o, is the standard deviation of the distribution of the logarithms 
of the doses. This distribution if plotted would be represented by a 
series of ordinates proportional to the weights at the respective log 
doses. Well-planned experiments will have the logarithms of the 
doses fairly uniformly spaced with the average not far from log E.D.+0. 
If the range of doses is limited to those contributing appreciable 
weight, say from the highest consistently giving zero per cent effect 
to the lowest consistently giving 100 per cent effect, then the distribu- 
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tion will be roughly a semicircle. Considering this semicircle as a 
continuous distribution, the standard deviation is L/4, where L is 
the range. The discrete distribution of doses may be made essentially 
continuous by replacing each ordinate by a bar centered at the appro- 
priate dose and of area equal to the ordinate. With k evenly spaced 
doses this procedure amounts to increasing the range between the 
highest and lowest dose by a distance equal to 100/k — 1 per cent. 
Thus we may take 


se 
~ 4(k — 1) 


Cz 


TABLE 1 
Subfapyridine Treatment of a Streptococcus Infection in Mice 








DOSE NUMBER OF MICE | PERCENT sURvIVAL| ‘OOARITEM OF a 
mem. 

7.6 5 80 0.88 5.84 

6.0 5 60 0.78 5.25 

4.1 5 60 0.62 5.25 

3.0 5 40 0.47 4.75 

1.6 5 20 0.19 4.16 

1.0 4 0 0.00 — 

















Using the same approximation to S(w) as previously, namely, N’/2, 
we have 


S.E, = : IX 


VY. &k 
ft 4s 





The range L is taken as the difference between the largest of the low 
doses which gave zero per cent effect and the smallest of the high doses 
which gave 100 per cent effect. 

However, for the following cases, if 1) zero per cent or 2) 100 per cent 
effect or 3) both are not observed in the experiment, the range is 
delimited respectively by 1) the lowest or 2) the highest dose or 3) 
both. If a zero or 100 per cent effect occurs within the limits of the 
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effective (from zero to 100 per cent) range, it is disregarded for purposes 
of establishing the range L, and the above criteria are used.? 

The use of this procedure is demonstrated by the following example. 
The data of one experiment are given in table 1, the last two columns 
of which are plotted in fig. 1. The line is drawn through these points 
and ordinates are erected at log doses corresponding to probit levels 
of 4,5 and 6. The logarithm of the E.D.s50 is read from the dosage 
scale as 0.570. Two points, (1, y:) and (x2, y2), on the line are selected, 





PROBIT OF PER CENT SURVIVAL 

















4 4 4 1 rn 
Te 0.00 0.20 0.20 0.60 0.80 1.00 12 10 
LOGARITHM OF OOSE 











Fic. 1. Free-hand dosage-effect curve for sulfapyridine treatment of a strepto- 
coccus infection in mice. Ordinates have been erected at doses corresponding to 
probit levels of 4, 5 and 6. 


€.g., %1 = 1.80, y, = 3.09, and a = 1.20, y2 = 6.58. The slope of the 
line is now estimated as: 


1.200— 1.80 1.40 


* This case will be made clear by the following example in which the observed 
per cent effects at the various doses were: 0, 0, 10, 0, 30,60 and 80. The zero per 
cent, lying between 10 and 30 per cent effects is disregarded, and L is taken as the 
difference between the highest log dose (at 80 per cent effect) and the larger of the 
two log doses causing zero per cent below the 10 per cent effect. The effects 
representing these limits have been italicized above. 
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The standard deviation of the individual responses is the reciprocal 
of the slope b: 


There are 5 doses falling between the ordinates to the curve cor- 
responding to probit values 4 and 6. Since 5 animals were used at 
each of these doses, the value of N’ is 25. Then by equation VIII 


Ce 


VN 2 25/2 





The largest log dose giving minimal effect was 0.00, and the smallest 
log dose giving maximal effect was 0.88 (100 per cent effect was not 
observed in this experiment). The dosage range L therefore is 0.88. 
Since there were six doses in this range, by equation IX: 


+ + 


VN PL (+) +/25/2-0.88-6/5 


S.E. = 1.07 








The two parameters and their estimated errors for this provisional line 
are, therefore, 


Log E.D.% + S.E. jog E.D.so > 0.57 + 0.116 
b+S.E. = 2.50 + 1.07 


RESULTS 


Estimated parameters and their errors were obtained from the data 
of 54 dosage-effect curves by the simple procedure illustrated above. 
The parameters and their errors were then calculated from these same 
data by the method of Bliss (6), using the same free-hand dosage- 
effect curve as the provisional curve. Thus the estimated values 
already obtained are free of bias with respect to foreknowledge of the 
later computed values. The fitting process was continued in each case 
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Fic. 2. Regression of estimated on computed values from 54 dosage-effect curves 
of: A, the logarithm of the median effective dose; B, the standard error of the loga- 
rithm of the median effective dose; C, the slope constant, b; D, the standard error 
of the slope constant. Each point represents the appropriate values from one 
dosage-effect curve. Broken line indicates true regression line with slope con- 
stant of 1.000. 
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until the Chi-square test indicated a satisfactory fit. With few excep- 
tions a single computation was sufficient to achieve thisend. In fig.2A 





CSTIMATED VAWES 






































Fic. 2C 
” 4a V4 
320F jo 
D Ya 
25 aM 
: i 
20 ai 
q de al 
$ hf . 
sr , Y Y A 
if] . Sk 
1.0} * 4 
os P 
i 
a as 1.0 s 20 25 3.0 
COMPUTED VALUES 
Fic. 2D 


the estimated values of log E.D.50 are plotted against their correspond- 
ing computed values. Estimated values of S.E...¢p,, 5, and 
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S.E., are plotted similarly against the computed values in figures 2B, C 
and Drespectively. In each of these figures the line representing the 
regression of the estimated on the computed values, has been drawn. 
The equations for each of these regressions with the standard errors 
of the parameters are given in table 2. 


TABLE 2 


Regression of Estimated (Y) on Calculated (X) Values of the Parameters of Dosage-Effect 
Curves and Their Standard Errors 





Value Fou 9» + 5 (x - 2) Cy % a 





*Log E.D.so Y = 0.539 + 1.013 (X — 0.549) 0.061 0.014 0.0085 
TS.E.log E. D.se Y = 0.098 + 0.794 (X — 0.098) 0.010 0.025 0.0014 





yb Y = 3.518 + 0.786 (X — 3.585) 0.722 0.060 0.1001 
§S.E, Y = 1.420 + 0.922 (X — 1.222) 0.465 0.116 0.0645 
* Signifies median effective dose. 
+t Signifies standard error of median effective dose. 
} Signifies slope constant. 


§ Signifies standard error of slope constant. 
DISCUSSION 


It is evident from fig. 2A that the graphic estimates of the median 
effective dose are entirely satisfactory. On the other hand fig. 2C 
indicates that there was a definite tendency to overestimate 5 for low 
grade slopes and to underestimate its value for the steeper slopes. 
This tendency is verified by the appropriate regression equation in 
table 2, the regression coefficient of 0.786 differing significantly from 
the true value of 1.000. 

Since the reciprocal of the slope constant appears in the formula for 
estimated S.E.1o¢ 2, p», it may be expected that any error in the estima- 
tion of the slope constant will be transmitted. This may be partly 
offset, however, by the manner in which N’ was selected and by 
ignoring the deviation of the average probit value from 5. Thus while 
we might have expected the regression coefficient for the estimated 
S.E.jog £. D4» On the computed values shown in table 2 and in fig. 2B to 
be greater than unity if the error in b were directly transmitted, it is 
actually 0.794. The formula for approximating the standard error of 
the slope appears to overestimate the value to some extent (table 2, 
and figure 2D) as was expected because of the manner in which Ns 
was determined. 
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It is apparent that the simple methods presented for obtaining the 
parameters of the dosage-effect curve and for approximating their 
standard errors give entirely satisfactory results at least with the type 
of biological data investigated here. Their usefulness can best be 
appreciated by comparing the time consumed in obtaining these ap- 
proximate values with the time required to obtain them by mathemati- 
cally fitting the curve. The former method requires about fifteen 
minutes, the latter one to two hours with the aid of a calculating 
machine. Cases may arise where greater accuracy is desired than is 
yielded by these approximations and one may then actually compute 
the parameters and their errors. 


SUMMARY 


The method of simple graphic solution of the dosage-effect curve, 
including approximate evaluation of the standard errors of the para- 
meters has been presented and illustrated. These estimated values 
and their standard errors were compared with the corresponding values 
computed by Bliss’s procedure for 54 dosage-effect curves. It was 
found that results obtained by graphic solution were in satisfactory 
agreement with those obtained by the more refined methods. 


We wish to acknowledge the kindness of Dr. E. K. Marshall, Jr. in making 
freely available to us the data used in this study. 
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Pollen extracts currently employed in this country in the treatment 
of pollen hay-fever and asthma are usually prepared according to the 
method described by Coca (1), in which the pollen cells are partially 
defatted with ether prior to extraction in a buffered saline medium. 
The ether-soluble lipoids, which are considered by many to be the 
principle cause of pollen dermatitis, are discarded. Since the pollen 
cells are intact at the end of this procedure (2), the materials obtained 
in the subsequent extraction are limited to those water soluble com- 
ponents which are freely diffusible through the cell wall. The pos- 
sibility was considered that the actual disruption of the pollen cells 
prior to their extraction, and the elimination of the preliminary ether 
treatment, might assure a greater recovery of immunologically active 
substances from the interior of the pollen cell. 

Comparative chemical analyses of Coca extracts of defatted but 
intact cells, and saline extracts of pollen previously ground in the 
Mudd-Czarnetzsky (3) low-temperature ball-mill lent initial support 
to this hypothesis. The ball-mill extracts gave consistently higher 
values for total solids, total nitrogen and especially protein nitrogen 
(2). Subsequent immunologic studies (4, 5) failed, however, to reveal 
any qualitative differences between the two types of extracts, for 
despite the differences in the method of preparation and in chemical 
composition, the antibody response in rabbits as measured by pre- 


This study was aided by a grant from Hynson, Westcott and Dunning, Inc., 
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287 





288 WINKENWERDER, ARBESMAN, GAY AND EAGLE 


cipitins, complement fixing antibodies, and active and passive anaphy- 
laxis were shown to be essentially equal. Similarly, there was no 
demonstrable difference in the reagin-neutralizing capacity (5) of 
ball-mill extracts and buffered saline extracts of defatted but intact 
pollen. 

While these studies were in progress, it was considered desirable to 
determine the relative clinical value of the ball-mill and Coca extracts 
in the treatment of pollen hay-fever. This paper presents an analysis 
of the pertinent clinical data obtained in a group of ragweed hay-fever 
patients treated with the ball-mill extract prepared from short ragweed 
pollen, compared to a control group treated with buffered saline 
extracts of defatted whole pollen (Coca extract) prepared, however, 
from equal parts of giant and short ragweed pollen. The latter 
extract has been employed for more than a decade for the treatment 
of hay-fever in the Allergy Clinic at the Johns Hopkins Hospital. 
It is to be noted that the two extracts are not strictly comparable, 
since the ball-mill extract was prepared from short ragweed pollen 
only, while the Coca extract represented a mixture of short and giant 
ragweed pollen. However, this dissimilarity between the two extracts 
does not nullify the particular purpose of this study, namely, the 
attempt to determine whether short ragweed extract, prepared 
by the ball-mill method and containing a larger content of total and, 
especially, of protein nitrogen (Table I), would prove more valuable 
than the Coca extract in the treatment of pollen hay-fever. 


PREPARATION OF AND CHEMICAL ANALYSES OF EXTRACTS 


For the details of the preparation of the ball-mill extract, the reader 
is referred to our recent paper (2). Briefly, 5 grams of short ragweed 
pollen, pulverized at — 80°C. in the ball-mill apparatus, was suspended 
in 100 cc. of physiologic salt solution. After extracting for one hour, 
the supernatant solution following centrifugation was sterilized by 
passage through a Berkfeld filter. In the case of the buffered defatted 
extract (5 per cent), prepared according to the method described by 
Coca (1), equal parts of giant and short ragweed extract were mixed 
prior to actual treatment of the patient. The values for total solids, 
total nitrogen and protein nitrogen of both extracts are given in 
Table I. 
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DETAILS OF TREATMENT 


The preseasonal method of treatment was employed with each 
patient. Subcutaneous injections of extract were given biweekly, 
beginning with 0.1 cc. of a 1:10,000 dilution and increasing until the 
limit of the patient’s tolerance was reached, or, until he was receiving 
concentrated extract. Injections of the maximum dosage attained 
were continued weekly, whenever possible, during the pollen season. 
The actual duration of treatment varied greatly. Some patients were 
treated continuously for 10 months, others for as short a period as one 
month. Similarly, the total amount of extract which each patient 
received, expressed either in cubic centimeters of concentrated extract 
or in protein nitrogen units, varied within wide limits (Table IT). 

All of the patients treated with short ragweed ball-mill extract were 











TABLE I 
TOTAL SOLIDS | wireocEN wITROGES 
per cen per cent per cent 
Ball-mill extract (prepared from short ragweed 
TL RR ers i 1.74 0.092 0.058 
Coca extract (equal parts of giant and short 
ER Se ey eee 1.00 0.079 0.025 














patch-tested with the ether soluble lipoids obtained in the preparation 
of Coca’s extract. No reactions were noted except in one case. This 
procedure was considered necessary to check the possible induction 
of skin sensitization to the lipoid which is considered to be the primary 
cause of pollen dermatitis, and of which there is a minute amount in 
the ball-mill extract of the whole pollen. None of the patients so 
treated complained of any symptoms suggesting cutaneous sensitiza- 
tion, and many retested at the conclusion of the course of treatment 
gave negative patch tests. 


SELECTION OF PATIENTS 


A total of 57 cases of ragweed hay-fever patients, all residing in or 
near Baltimore, were treated during 1938 with the short ragweed 
ball-mill extract. Of these, 17 had never previously received in- 
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TABLE II 


Data on Cases of Hay-Fever Treated with Ball-Mill Extract Tabulated with Control Cases 
Treated with Coca Extract of Ragweed Pollen 
(See Footnote and Text) 

















BALL-MILL EXTRACT COCA’S EXTRACT 
Duration oy Duration Amt. of 
Case ment | Resul bal | oma, | Result 

MO) BG | treat. | protain| © Se «| | recat | protein 

n ment units ; <\z° ment units 

years years 
53| 20 | 6 yrs. |341,800| Excellent 39| 20 | 6 yrs. | 82,000) Good 
60| 22 | 22 yrs. |152,402| Excellent 60| 31 | 2 yrs. | 20,030) Good 
39} 18 | 4 yrs. | 95,500) Excellent 37| 33 | 2 yrs. | 17,928) Excellent 
144 8] lyr. 79,460) Excellent 9 9] Lyr. 10,750} Excellent 


2 yrs. | 95,120) Excellent 
32| 16 | 6 yrs. | 48,669) Excellent 
32| 6| 4yrs. | 37,120) Excellent 


5 yrs. | 28,010) Fair 
30| 20 | 2 yrs. | 25,500) Excellent 
34, 6] Syrs. | 45,000) Poor 
9} Syrs. | 25,620) Excellent 51} 9} Syrs. | 27,440) Good 
5 | 2yrs. | 41,220) Excellent 33| 6| 2yrs. | 73,300) Excellent 
10 | 58) 29 | 4yrs. | 29,425) Excellent | 10) 47) 25 | 2 yrs. | 21,307| Excellent 
6 
+ 
4 


Conaunrhr wn 
Ps 
ao 
oe 
w 
Conan kr wdnd 
ce 
o 


11 | 35 4 yrs. | 17,980) Excellent | 11) 34) 5) 4 yrs. | 24,650) Excellent 
12 | 39 2 yrs. | 12,860) Excellent | 12) 45) 5) 1Lyr. 8,191) Good 

13 | 25 3 yrs. | 19,952} Excellent | 13) 24) 16 | 2yrs. | 51,870) Fair 

14} 44, 9| 2 yrs. 6,071) Excellent | 14 36) 16| 1 yr. 5,631; Good 

15 | 52} 16 | 3 yrs. |219,994)| Good 15} 48} 35 | 6 yrs. | 66,510) Excellent 
16 | 40) 22 | 3 yrs. | 85,500) Good 16) 41) 21 | 3 yrs. | 42,300) Poor 

17 | 17) 11 | 6 yrs. | 75,980) Good 17| 16) 11 | 2 yrs. 8,935| Good 

18 | 35| 25 | 2 yrs. |146,580| Good 18) 24, 2)| 4yrs. | 59,930) Good 

19 | 27; 8| 7 yrs. | 39,350} Good 19) 22} 12 | 4 yrs. | 19,900) Good 

20 | 50) 23 | 6G yrs. | 42,530) Good 20} 29; 12 | 8S yrs. | 17,090) Excellent 
21; 9 4 } yr. | 24,617| Good 21) 12} 9|11mo. | 20,597) Good 

22 | 59) 29 | 2 yrs. 8,680} Good 22) 50} 18 | 7 yrs. | 11,760) Excellent 
23 | 12) 4 4 yr. | 9,802) Good 23) 15} 2| 2 mo. 4,240) Fair 

24) 8 2 } yr. 6,878) Good 24, 9) 3] ILyr. 1,000) Excellent 
25 | 33) 7 | 3 yrs. 2,523) Good 25| 32) 7 | 4yrs. | 21,720) Good 

26 | 43; 14 lyr. 5,191) Good 26) 54, 6| Syrs. 7,392} Good 

27 | 28} 6| 4yrs. 3,006; Good 27| 36, 6 | 4yrs. | 75,121) Good 

28 | 54; 40 | 7 yrs. |261,000| Fair 28| 35) 31 | 2 yrs. | 37,750} Good 

29 | 38} 9} 4yrs. |102,240| Fair 29| 38} 16 | 1 yr. 5,631} Excellent 
30 | 59} 12} lyr. | 63,164) Fair 30| 62) 38 | 6 yrs. 8,940) Good 

31 | 51) 21 | 1 yr. 58,000} Fair 31) 53} 20} 1 yr. 28,940} Poor 

32 | 32) 11 | 3 yrs. | 68,440) Fair 32] 32} 8 | 2 yrs. 3,720) Fair 

33 | 26) 13 | 4 yrs. 1,727| Fair 33] 62) 15 | 8 yrs. 1,922) Fair 

34 | 44) 12) 7 yrs. | 58,100) Poor 34, 44, 7) 2 yrs. 3,956| Good 

35 | 48) 7 | 4 yrs. | 60,080) Poor 35) 42) 4] 4 yrs. | 30,300) Excellent 


























36 | 42) 5 | 2yrs. | 45,680) Poor 36) 42} 7) 2yrs. | 23,780) Fair 
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TABLE I1—Concluded 

















BALL-MILL EXTRACT COCA’S EXTRACT 
Duration nn Duration | ae 
———_—_——| ment ————— 
Case| Age st Treat- protein Result . ¢ a protein Result 
Bo | ment — - 3 & 3 ment — 
ms ux years years 
37| 14) 4) Lyr. 28,835) Poor 37| 16, 7 | 2yrs. | 19,012) Excellent 
38 | 34, 14] 1Lyr. 18,310} Poor 38] 31) 14 7 mo. 8,560) Excellent 
39 | 36; 30 | 12 yrs. | 15,130) Poor 39] 35) 16 | 12 yrs. | 22,170} Good 
40 | 38} 11 | 3 yrs. | 10,440) Poor 40} 38} 15 | 3 yrs. | 14,070) Excellent 




















41 | 34, 10 | 9mo. |265,408) Excellent | 41) 36} 1/| 3mo. | 80,000} Good 

42 | 32} 1/13 mo. | 70,780) Excellent | 42) 21; 2 | 1mo. | 58,065) Good 

43 | 49} 3| O9mo. |141,073| Excellent | 43) 57) 25 | 5 mo. | 28,500) Excellent 
44/| 42) 12| 0 68,440) Excellent | 44) 33) 13 | 1 mo. 6,600} Good 

45 | 43} 8] 8mo. | 43,795) Excellent | 45) 58) 11 | 5 mo. 8,370} Good 

46 | 30} 6] 6$ mo.| 34,034 Excellent | 46) 44; 5 | 2mo. | 30,500) Fair 

47 | 61) 40 | 12 mo. 7,163) Excellent | 47} 62) 45 | 9 mo. 5,290} Good 

48 | 28} 3| 3mo. 3,662} Excellent | 48} 19} 4/11 mo. | 23,280] Excellent 
49 | 32) 1|13 mo. |237,199| Good 49} 39} 2/13 mo. |144,675| Good 

50 | 20} 3 |10mo. | 66,700) Good 50} 16) 3 | 1 mo. | 58,000} Good 

51| 21) 7 | 6mo. | 32,886) Good 51| 20} 5 | Smo. | 25,890) Good 

52 | 14, 7|12mo. | 16,128) Good 52| 15} 7} 1mo. | 12,397) Excellent 
53 | 34; 5 | 6mo. | 13,982} Good 53| 41) 7 | 4mo. 6,964) Good 

54| 49} 1|10mo. | 13,271) Good 54; 34; 2] imo. | 15,140} Excellent 
55; 15} 2] 1mo. 3,625} Good 55) 18} 2) 1 mo. 240) Fair 

56} 18} 1] 6mo. 1,699} Good 56| 14 1] 3mo. | 15,950) Excellent 
57 | 21) 10 | 18 mo. | 68,440) Fair 57| 37) 6| 2mo. | 15,400) Excellent 




















With respect to age, duration of symptoms and duration of treatment, the two groups 
of patients have essentially similar distributions. Considering these variables independ- 
ently, a no less divergent result would be obtained four times out of five on successive 
random samples from a single universe. With respect to the amount of treatment, how- 
ever, the matching was not quite successful. Most of the patients treated with the larger 
amounts of extract happened to fall in the group treated with ball-mill extract; and al- 
though the average amount of treatment did not differ significantly in the two groups, 
the degree of divergence was greater than one would obtain in 9 out of 10 successive random 
samples from a single universe. However, this difference does not affect the conclusions 
of this paper. Despite the larger amount of treatment received, the patients on ball-mill 
extract did no better than the control group treated with Coca’s extract. 


jections of pollen extract; the remaining 40, however, had been treated 
during the previous year or years with Coca’s extract. Since previous 
treatment may, and probably does, modify the response in many 
patients, these two groups have been differentiated in the following 
discussion and tables. 
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Since the total number of cases is relatively small, care was used in 
selecting control patients treated with Coca’s extract. Of the many 
factors which may influence the symptoms, clinical course and thera- 
peutic response of hay-fever, several may be controlled, namely, the 
age of the patient, the geographical location, the duration (number of 
seasons) of symptoms, the number of years of previous treatment, the 
total amount of extract administered (measured in protein nitrogen 
units) and the duration of treatment. In the present study, each 
case treated with ball-mill extract was eventually matched with a 
control case treated routinely in the Clinic with Coca’s extract and 
so selected that the above mentioned factors approximated each other 
as closely as possible. The extent to which these matchings were 
successful is indicated in Table II and its footnote, in which is sum- 
marized a statistical analysis of the degree of correlation between these 
data. 


RESULTS OF TREATMENT 


The response of each patient to treatment, as judged by at least two 
observers in each case, was arbitrarily graded as excellent, good, fair 
and poor. Of the 57 patients treated with the ball-mill extract, 22 
had an excellent response, 21 good, 7 fair and 7 poor. As shown in 
Table III, essentially the same response was obtained in the group 
treated with Coca’s extract. In view of the small number of patients, 
the slight differences in results noted in the two groups cannot be 
considered statistically significant. One may conclude, therefore, 
that the ball-mill extract prepared from short ragweed pollen and con- 
taining appreciably greater amounts of total and, especially, of 
protein nitrogen was nevertheless no more valuable than the Coca 
extract in the treatment of ragweed hay-fever. Such a result is of 
particular significance in view of the facts 1) that most of the patients 
treated with larger amounts of extract were in the group receiving the 
ball-mill preparation (cf. footnote to Table II), and 2) that the ball- 
mill, unlike the Coca extract, was prepared from pure short ragweed 
pollen, considered by some (6) to be more active than the giant ragweed 
pollen. Despite this reputedly greater activity of the short ragweed 
and despite the higher protein content of ball-mill extract, the latter 
was no more active therapeutically than the Coca extract of combined 
giant and short ragweed pollen. 
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TABLE OI 
The Results of Treatment of Hay-Fever with the Ball-Mill Extract Compared to Coca Extract 
TOTAL CLINICAL RESULTS 
NUMBER 
OF PATIENTS) Excellent | Good Fair Poor 
Patients treated with ball-mill 
extract 
No previous treatment......... 17 8 8 1 0 
Previous treatment with Coca’s 
ka 40 15 13 6 7 
let EA SRI: 57 22 21 7 7 
Patients treated with Coca extract 
No previous treatment........ 14 4 8 1 1 
Previous treatment with Coca’s 
ae str Bette ce 9 cot coo Se 43 17 17 7 2 
NE its acca baci adared 57 21 25 8 3 




















Remarks:—Although the number of patients in each group is small, the trend of the 


results is essentially the same. 


than, Coca’s extract in the treatment of hay-fever. 


TABLE IV 


The ball-mill extract proved to be as good as, but no better 


Data Illustrating Lack of Correlation between Total Amount of Pollen Extract, Duration of 
Treatment, Duration of Symptoms and Therapeutic Result 
































DURATION OF DURATION OF 

a os ——} 

s 4 “ s ji/eig jleia iis 

3 | = | < | g| 3 = 3 </|&3 rE < 

Ball-Mill Extract 
eee 4, 662/341 ,800|36,746) 4 | 22 | 3.2) 14 | 61 |39.8) 1 | 40 |10.5 
ee 1 699/219 994/22 ,167| ws | 7) 1.8) 9 | 59 |28.6) 1 | 29/| 8.2 
Ae 1,727|261 ,000|40,022) +5 7 | 3.7) 21 | 59 |41.1) 9 | 40 j13.5 
Irae 10,400) 68,440)18,200) 1 | 12 | 4.3) 14 | 48 |36.5) 4 | 30 /|11.8 
Coca Extract (Control Group) 

Excellent. ....... 353) 67,500)11,617| 3 711.8) 91 SO 129.6 1 | 33 |10.4 
cea ae 1,129| 82,000] 6,055} 4 | 12 | 2.2) 11 | 60 |36.5| 6 | 40 |12.1 
Fair. . ...| 1,920} 59,900)13,036) 4 8 | 2.5 62 |37.4, 4 | 18 |15.1 
Poor. .|28, 940) 45 ,040/19, 260) as 5 | 3.0) 34] 53 |42.0) 6 | 21 |15.9 















































294 WINKENWERDER, ARBESMAN, GAY AND EAGLE 


Although it is not germane to the present study, it is further of 
interest to point out (Table IV) that there was no regular correlation 
in this study between the total amount of pollen extract administered, 
the duration of treatment, the duration of symptoms and the thera- 
peutic response. 


SUMMARY 


To the extent that one year’s treatment and observation permit 
of general conclusions, the present study offers no evidence that 


ball-mill extracts of short ragweed pollen, prepared simply from 
disrupted cells, and containing appreciably higher concentrations of 
protein nitrogen are superior to buffered extracts of defatted but intact 
cells (Coca extract) in the treatment of ragweed hay-fever. 
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